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ABSTRACT 
Sweetpotato propagation is cultivated through use of sprout (slip) or vine cutting. Production 
of sprout is increased by best selection of storage root sizes to optimize growth and yield. 
Cultivars of different storage root sizes produced variable numbers of sprouts, varying in 
length and thickness and to explore this four storage root sizes in an open field bed were 
trialed. Beauregard and Northern Star storage roots selected from the large, medium, small-
medium and small storage root category sown in bed and sprouts at three length classes were 
first measured 47 days after sowing. The next three harvests were measured at 21 days 
interval while the fifth harvest was at 44 days after the fourth, calculated from the Growing 
Degree Days (GDD) units. Beauregard produced significantly higher number of sprout at >20 
cm but fewer > 35 cm length than Northern Star. The sprout length 20 – 35 cm class 
increased for both varieties after Harvest 1 but Beauregard tended to increase less for this 
class than Northern Star with progressive harvests. In the fifth harvest 20 -35 cm length class 
for both varieties had reduced although Northern Star produced more for this class than 
Beauregard. A significantly higher number of sprouts were produced by large root but not 
significantly different from the medium root. Sprout categories for < 20 and 20 -35 cm were 
greater for large and medium roots than smaller roots. The thickness of sprout progressively 
decreased in numbers as storage roots size decreased. Sprouts longer than 20 cm are 
considered best propagation material for farmers and to achieve this within the best possible 
short period is an advantage to farmers.  
The experiment study on seven sweetpotato varieties for pathogen tested (PT) and non-
pathogen tested (NPT) was investigated at 60 days after planting (DAP), 120 DAP and 220 
DAP for yield differences. There was no significant difference (P < 0.05) for all varieties for 
early root growth at 60 (DAP). No significant difference was observed for PT and Non-PT 
for the marketable yield but a significant increase in non-marketable yield at 120 DAP and 
220 DAP for PT and non-PT was presumably due to virus infection.  
The number of marketable storage root production declined as the crop grew older but the 
opposite trend occurred for the non-marketable yield which increased three fold in the final 
harvest compared to the previous harvest. Northern Star produced the highest number and 
weight of marketable and non-marketable roots compared to the other six varieties.  
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LD02 and Beauregard were the second best varieties in terms of marketable roots while L49, 
Vekeoli and Lola Tonga had the least potential. Northern Star followed by Beauregard and 
LD02 proved their supremacy by their ability to partition dry matter to bulk storage root. 
Beauregard was the only variety observed with SPFMV infection in the foliage. 
High soil temperatures affected the formation and elongation of initial root and enhanced 
early development of adventitious roots. This issue was experimented tested using 
Beauregard and Northern Star under black and, white plastic mulches as well as bare soil 
(control). Plastic mulch produced high soil temperature under high ambient temperature 
compared to bare soil and thus promoted the growth and development of adventitious roots, 
stems and leafs. Whilst high temperature produced by black plastic mulch promoted early 
root development, it became detrimental at least for initiated and setting roots. Beauregard 
responded better to high soil temperature at 14 days than Northern star but produced 
adventitious + initiated + setting roots of significantly lower weight and number at 28 and 42 
days growing period. Bulking of roots at 28 and 42 days showed Beauregard had the potential 
to partition dry matter to storage root which produced a higher number of bulking roots.  
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CHAPTER 1 
INTRODUCTION 
Sweetpotato [Ipomoea batatas (L.) Lam.] is a member of the Convolvulaceae family. 
Amongst the approximate 50 genera and more than 1000 species of this family, only Ipomoea   
is of major importance as a food crop (Woolfe 1992). It is an economically important crop 
grown in over 110 countries with an annual production estimated to be around 114 million 
tonnes (FAO 2010b), with China being the leading producer. 
The Food and Agriculture Organization (FAO) of the United Nation reports that sweetpotato 
has been grown for fresh consumption and processed product with bio-based industrial 
products becoming increasingly popular (FAO 2010a). Apart from being an important food 
source, the high starch content of sweetpotato can be converted to simple sugars, which can 
then be used to produce plastics or fuels, such as ethanol (Klass 1998). Sweetpotatoes contain 
substantial levels of proteins, vitamins and minerals (Loebenstein 2009).  
Propagation is through unrooted sprouts called the ‘slip’ and vine cuttings which are the main 
planting materials. Vegetative propagation maintains the selected characteristics of the 
individual plant and enables multiplication of the best stock possible (Stenvall et al. 2006). 
Other methods of rejuvenating and maintaining individual sweetpotato lines are the use of 
tissue culture and micropropagation (Bryan et al. 2003). It is a perennial species and is grown 
all year round in tropical and subtropical climates. Vine cuttings are normally taken from 
existing crops (George et al. 2011) or feral plants from abandoned field (Tjintokohadi et al. 
2007). In temperate regions sweetpotato can only be grown as a summer annual while storage 
roots are stored during winter, bedded in early spring, and slips or sprouts are used for 
propagation. These are asexually produced from whole storage roots sown in heated beds for 
spring production (Zhang et al. 2009). Temperature is maintained at 28°C for maximum slip 
production either using hot water or electricity (Khan et al. 2008). Cutting the slips an inch 
above soil level is recommended and they need to be at least 22 cm tall for ease of cutting 
and planting but sprouts too long have less vigour and do not perform well (Department of 
Agriculture Fisheries and Forestry 2013).   
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The variability in sprout production depends on cultivar, root size and vigour of the bedding 
storage root (North Carolina Sweetpotato Commission 2011; Okwuowulu 2003), but these 
planting materials are subjected to pathogen infections which are linked to major decline of 
storage root yield and quality of the sweetpotato crop.  
Transmission of disease through vegetative material is passed on to successive generations 
with the potential for increased severity and greater reduction in production (Lee et al. 2007).  
Viral diseases are the major cause in the decline in sweetpotato production globally (Bryan et 
al. 2003b; Clark & Hoy 2006; Wang & Valkonen 2008).  This is a major issue for the 
sweetpotato industry, in particular for subsistence growers and consequently on food security 
in developing countries (Loebenstein et al. 2003; Tairo et al. 2005). There are more than 
twenty two common types of virus reported to have caused damage to sweetpotatoes 
worldwide (Lee et al. 2007; O'Sullivan et al. 2005; Salazar & Fuentes 2000; Tairo et al. 
2005). In Australia only six sweetpotato viruses have been reported (Jones & Dwyer 2007) 
and the most common being the  Sweetpotato feathery mottle virus (SPFMV) which was 
sighted in 1993 and 1994 (Gibb & Padovan 1993; Heisswolf et al. 1994). In the neighbouring 
countries of Papua New Guinea and Solomon Islands, those viruses have also been recorded 
(Fuentes et al. 2009; Tairo et al. 2006).  A study on potyviruses of Australia recommended 
that the migration of these viruses might have occurred with importation of live plants, tubers 
and seeds. However, there is no experimental record of seed transmissions (Beetham & 
Mason 1992; Gibbs et al. 2008). Virus transmission occurs through insect vectors moving 
from infected plants, for example, aphids and whiteflies. Most viruses have been found to be 
unevenly distributed in sweetpotato plants depending on the efficiency of vector species. 
A number of detection methods are available and widely used to identify virus pathogens in 
sweetpotato production. Serological tests, enzyme-linked immunosorbent assay (ELISA) 
using nitrocellulose, graft indexing and examination by electron microscope have been used 
to successfully implement the virus-free scheme programme in Melanesia and Australia since 
1985.  
The impacts of virus on infected plants are often symptomless or show only mild features. 
The expression of symptoms is influenced by host genotype, environmental conditions and 
the domination of the particular strain. A single infection did not significantly affect yield but 
mixed infections had greater impact on sweetpotato yield and quality causing more than 50 -
80% yield reduction in fresh storage roots (Clark & Hoy 2006; Clark & Moyer, 1988). 
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With the implementation of virus-free scheme programme initiated by the Queensland 
Government, tissue cultured plants have been certified free of virus which has benefited 
growers but there is always risk of reinfection of virus diseases in the farmers’ fields (Tairo et 
al. 2006; Beetham et al. 1992). Clark et al. (2006) and Pozzer et al. (1995) had substantiated 
that the rate of reinfection with potyvirus on virus- free plants can be rapid and the use of 
clean planting material at each planting season is ideal.  
Studies under controlled soil temperatures have indicated that high soil temperature may 
potentially result in a negative implication on yield of sweetpotato. The transplanting shock 
which often leads to poor storage root development and growth above 28°C, has been 
reported (Pardales et al. 1999; Coleman et al. 2006; Belehu 2003, 2004).  High temperature 
without adequate cooling from irrigation can cause leaf loss and has a dramatic impact on 
adventitious root development (Coleman et al. 2003). Pardales et al. (1999) reported that high 
root zone temperature above the optimum range will adversely affect root development which 
may lead to poor yield at harvesting. It is therefore important that soil temperature at the root 
zone during the first few days after transplanting is suitable to initiate adventitious root and 
subsequent storage root yield production. 
In the tropics soil temperatures are extremely high and means to control these temperature 
increases are essential.  Cultural practices using local resources such as organic mulches are 
feasible and can possibly enhance early root establishment and growth of sweetpotato.  
Subsequently, the aims of this research study are:  
(i) to investigate the production and longevity of sprout production from various 
sized storage roots for two commercial varieties. 
(ii) to investigate the effect of virus tested (Pathogen Tested) and virus infected 
planting material (Non-Pathogen Tested) on growth and yield characteristics of 
seven sweetpotato varieties, and 
(iii)  to examine the effect of high soil temperature on the development of early 
adventitious roots grown under two types of plastic mulch and bare soil for two 
commercial varieties. 
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CHAPTER 2   
LITERATURE REVIEW 
2.1 The Sweetpotato 
2.1.1 Origin and dispersal of sweetpotato  
The exact original location of sweetpotato, [Ipomoea batatas (L) Lam.] still remains in 
dispute, but records agree that it originated in the Americas (Bohac et al. 1995; Green 2005). 
The studies conducted by Woolfe (1992), Austin (1988) and Onwueme (1978a) indicate that 
sweetpotato originated from central or north-western South America around 8,000 - 6,000 
B.C but O’Brien (1972) suggested its entry into cultivation occurred about 3,000 B.C. 
However, Bohac et al. (1995) indicated that cultivation of this crop was widespread in 
southern Peru and Mexico around 2000 to 2500 B.C. Research by Yen (1976) suggests that 
sweetpotato is possibly one of the earliest domesticated plants.   
In the eastern region of the Pacific, sweetpotato was first introduced about 1000 years ago by 
Polynesian voyagers (Green 2005). The crop then spread to other parts of the Pacific regions 
before the European contact between 1100 AD and 1200 AD (Ballard 2005; Bourke 2009). In 
the western region of the Pacific regions, sweetpotato came through Europe then transferred 
to Indonesia and Papua New Guinea around mid17
th
 or early 18
th
 century. In Australia it was 
introduced in the early 19
th
 century by European settlers primarily as a stock feed (Bourke 
2009; Wood 1976). Australia produced about 45,000 tonnes annually in 2011 (FAO 2013) 
and with improved cultivars yield per hectare has increased to as much as 88 tonnes (Dennien 
2012).  
Recent studies by Allan (2005) and Ballard (2005)  indicated that sweetpotato was introduced 
into Solomon Islands around the end of the 18
th
 century, but Yen (1974) suspected that 
sweetpotato may have been brought into Solomon Islands as early as the 11
th
 and 12
th
 
century. He supported his theory from etymological study and the morphological 
characteristics of sweetpotato populations in Polynesia and Melanesia. However, there was 
no evidence to show that sweetpotato was introduced to Santa Cruz in the Solomon Islands in 
the 18th century as suggested by Allen (2005). 
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More recently the movement and migration of people has obviously been the major 
contributor to the distribution of sweetpotato in Melanesia and  perhaps the indentured labour 
and missionary students from schools abroad had records of its dispersal in  Solomon Islands 
(Ross 1977). Today, sweetpotato dominates agricultural production and is by far the most 
important food consumed by people in Melanesia, as well as feed for domestic and livestock 
animals (Bourke 2006, 2009). 
 It is a staple household diet for over 80% of the rural population of Papua New Guinea and 
Solomon Islands. FAO (2013) statistics reported that the total production was estimated at 
565,000 tonnes under a cultivated area of 118,000 hectares for Papua New Guinea. In 
comparison, about 91,000 tonnes was produced under a cultivated area of 6,610 hectares in 
the Solomon Islands. It is grown successfully in nearly all parts of these countries because of 
its high adaptability to local conditions as well as having few pests and diseases (Jackson et 
al. 2010). 
The crop was not cultivated commercially in the recent past although subsistence farmers are 
now increasingly aware of the demand for this crop in urban centres and towns. Subsistence 
farmers grow sweetpotato plants as a single crop or integrated with other food crops such as 
cassava (Manihot esculenta), taro (Colocasia esculenta), yam, and vegetables, to enhance 
food security in the long term (Tjintokohadi et al. 2007). The storage roots are the main 
economic product and whilst the vine tips are the main propagation material, tender shoots 
are very occasionally eaten or used as green manure in compost (Lebot 2010).  
2.1.2 Classification 
The sweetpotato (I.batatas) is a dicotyledonous plant from the family, Convolvulaceae. 
Ipomoea is a large genus composed of more than 400 species most of which are annual and 
perennial herbaceous vines with a few erect shrubs found in the tropics (Lebot 2009).  
Several batatas species (Ipomoea batatas var.apiculata) found in Mexico had putative 
linkages to domesticated sweetpotato (Mcdonald & Austin 1990). Some members of the 
family (e.g. hedge bindweed, Convolvulus sepephum L.) are weeds, and others [e.g morning 
glory, Ipomoea purpurea (L) Roth] are grown as ornamentals.  Ipomoea batatas is of 
economic importance as food (Onwueme & Charles 1994; Smith et al. 2009)   and according 
to Lebot (2010), indigenous Australians also collected some Ipomoea spp from the wild as 
emergency foods.  
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Also in Melanesia, I. aquatica is cultivated and eaten as spinach for its delicious leaf tops rich 
in proteins. I. gracilis was domesticated by the Australian aborigines in northern Australia. 
There are several thousand cultivars of sweetpotato with great variation in form and growth 
habit. Many cultivars have been developed through systematic breeding efforts but others 
appeared through natural hybridisation and mutations. Sweetpotato cultivars fall generally 
into three groups for root texture: firm dry mealy flesh, soft moist gelatinous flesh, and those 
with very coarse storage roots for animal feed or industrial uses.  
Generally cultivars also differ from one another in colour of the storage root skin, flesh, 
shape of the root and leaves, depth of rooting, time of maturity, resistance to diseases and 
insect pests, and several other vegetative characteristics (Lebot 2009; Onwueme & Charles 
1994).  
Sweetpotato is an excellent source of energy, vitamins A and C and fibre; fresh food, 
processed starch, beverages, ethanol fuels and foliage for animal feed are processed from it. 
In most countries sweetpotato is consumed as a staple with most roots usually boiled or 
baked and are characterized by colour, flavour, mouth feel, texture and fibre content.  
Cooking time and carbohydrate transformation with cooking quality are mostly genotype 
dependent. Sweetness varies significantly among cultivars and is derived from the 
composition of sugars and maltose formed during cooking. It was confirmed that all 
categories are present in most countries (Lebot 2009). 
2.1.3 Crop description 
Sweetpotato is a vine-like, perennial herb which spreads on the surface of the ground. The 
plant consists of the following main parts: root (enlarged root), stem (also called vine) and 
leaf, flower, fruit and seed (Onwueme & Charles 1994).  
Root: Three distinct types of sweetpotato roots have been identified on the basis of 
anatomical studies: the fibrous root, thick roots, and storage root (Noh et al. 2010; Wilson & 
Lowe 1973). The adventitious roots are formed from vine cuttings in a day or two after 
planting from the stem. These roots grow rapidly and form the fibrous root system of the 
plant. Depending on the soil condition, fibrous roots may penetrate soil to a reasonable depth 
which enables the plant to withstand drought conditions (Onwueme & Charles 1994).  
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The sweetpotato plant initially produces colourless fibrous roots, with some of these 
subsequently acquiring pigmentation and undergo ‘thickening’ growth to form thick roots 
that ultimately develop into storage root.  
Fibrous root: Thin adventitious roots, or ‘initial roots that appear form into fibrous roots 
(also lateral root), which are generally less than 5 mm in diameter. Others form pencil roots 
which are thickened and lignified, and grow between 5 – 15 mm in diameter. The factors 
determining whether adventitious roots will develop into pencil and storage roots or will 
remain unthickened remain unclear.  
However, a study in Louisiana using Bayesian belief network (BBN) model reported that 
adventitious roots that showed anatomical evidence of initiation were found to comprise 86% 
of storage roots at 60 days after planting of Beauregard  (Villordon et al. 2011).   
Depending on the number of fibrous roots that will be thickened to induce storage root, 
sweetpotato plants may yield up to more than 4 – 6 of uniform and high grade root or low 
number of roots or no marketable roots at all  (Firon et al. 2009; Belehu et al. 2004). The 
fibrous root is also referred to as non-fleshy root. 
Thick root: Sudden changes in the growth pattern of the fibrous root undergoing ‘thickening’ 
growth result in pigmentation. ‘Thick’ pigmented roots are capable of producing storage 
roots. The ‘thin’ white fibrous roots that remained unchanged are distinguishable, as thick 
pigmented roots are cream-coloured, pink or red on the  surface of roots  that are producing 
‘storage root’ under conducive environments (Kays 1985; Pardales et al. 1999; Firon et al. 
2009). The thickening evolves into ‘setting’ growth of storage roots. The fully pigmented 
roots are simply the setting roots. 
Storage root: As a result of secondary growth a number of roots from the basal stem develop 
storage roots within the surface layer of the soil to a depth of 20 -25 cm.  As the vine matures 
more and more roots are produced from the underground nodes which then grow to form 
storage roots. The mature storage roots in sweetpotato form into different shapes, sizes and 
lengths depending on genotype and growing conditions. The shape ranges from spherical to 
nearly cylindrical or spindly-shape: in size from 0.1 kg to over 1 kg and in length, from a few 
centimetres to over 30 cm. Noh et al. (2010) reported the involvement of the auxin growth 
hormone in the formation and thickening of growth of storage root which promoted its size 
and shape.  
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These authors above have also suggested that the suppression of storage root thickening may 
have been the direct association between stele lignification and the inability of fibrous roots 
and thick roots to develop into storage roots. 
The colour of skin and flesh may be white, yellowish, salmon orange, pinkish, or purplish, 
with various gradations. The colours are determined by the concentrations of carotenoid and 
anthocyanin pigments. Each plant may yield five to ten large roots and under favourable 
conditions, numerous bulking roots are developed from the underground nodes per plant 
(Lebot 2009).   
Unlike cassava, the storage root growth comes from the combined activity of primary, 
secondary and tertiary meristem layers associated with xylem tissues. The sweetpotato 
storage root differs from the normal root due to the capacity to produce buds and sprouts on 
the root skin (Lebot 2009; Onwueme & Charles 1994). 
Vine and leaf: The vine runs above ground as the stem of the plant. It connects the leaves, 
which produce carbohydrates, and roots where nodes make contact with the soil. The vine 
consists of the main axis, primary laterals and secondary laterals. It can be prostate or 
ascending, often twining with a diameter of 3 -10 mm. It is circular or slightly angular in 
cross-section. Its colour is predominantly green, but purple pigmentation can be present 
(Lebot 2009; Onwueme 1978a). The length of vine or stem varies with variety and ranges 
from 0.5 m in some bush (short vine type) cultivars to 5 m or more with ‘running’ cultivars 
depending upon the geographical location. Length is not necessarily related to yield of 
storage roots. Provided other factors are favourable, short vine (semi-bush or bush) habit 
appears to be highly desirable, because it can produce high yield per unit area of land and 
also, permits close spacing, facilitating the control of weeds and avoiding the need to remove 
the vines prior to harvest of storage roots (Edmond & Ammerman 1971). 
Leaf: Sweetpotato develops a relatively large leaf canopy. Each leaf consists of a moderately 
large blade and a long petiole. Leaf size (area) and shape vary widely among genotypes. Leaf 
shape ranges from broad entire to highly lobed. As a plant continues to grow, the leaf canopy 
increases, due to the greater number and larger size of leaves developed. The leaves also 
become thicker. However, under some conditions, the leaf area per plant may plateau or even 
decline due to, in part, to an increase in number of leaves that are shed by the plant later in 
the season or to adverse environmental conditions. The petiole varies in length from 5-30 cm 
depending on genotype (Onwueme 1978a).  
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Leaves with long petioles within a canopy on the same plant or neighbouring plants are much 
more competitive compared with leaves with short petioles. The stem and petiole geometry 
reflects accurately the growth conditions affecting the vine at each stage of development.  
Flower, fruit and seed: The flowers are solitary or in clusters of up to 22 buds, growing out 
of leaf axil. Each flower bud has five sepals, five petals, five stamens and a compound pistil 
(Lebot 2009). They are funnel-shaped and purplish in colour. 
The fruit is a relatively small capsule measuring 5-10 mm in diameter. False septa may divide 
the locules so the fruit appears to be a 4-celled, 4-valved capsule with a seed in each locule. 
The seed is brown or black, approximately 3.0 mm long, flat on one side and convex on the 
other. The seed coat is generally very hard and almost impervious to water or oxygen. 
Scarification either by mechanical abrasion or chemical with the use of concentrated 
sulphuric acid are used to remove dormancy. Germination of scarified seeds occurs in one or 
two days (Onwueme 1978a). 
2.1.4 Propagation 
Sweetpotato is a perennial plant, but it is normally grown as an annual crop. It is traditionally 
planted by vegetative propagation. The portion of stem or vine cuttings are from both 
terminal, the growing tip and basal- sections of the runners. The sprouts or slips produced 
from storage roots prove excellent planting material for commercial farmers worldwide 
(Khan et al. 2008).  
Cultural practices: Vine cutting for field planting is selected from vigorous growing, 
healthy plants. Mature plants are considered less active and should never be selected as 
propagule materials. This may not be avoidable where there is no specialized system to 
produce planting material. This is a popular practice for sweetpotato farmers in the 
developing countries. In the Melanesian society planting materials are accessed from old 
plants or other growers as well as from self-seeded plants as reported by Tjintokohadi et al. 
(2007) in Solomon Islands. In PNG, the vegetative planting material is collected from 
established gardens that are 8–12 months old (ACIAR 2009). In this way, the risk of spread 
of diseases and pests to new location is increased.  
Commercial practices: Storage roots have been the main source of diet. It is now 
commercialized in temperate regions and there is important propagation material worldwide 
(Khan et al. 2008).  
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Supply of large volumes of propagule materials from storage roots provides the best 
alternative for large to small scale operators throughout the world. In the USA where this 
practice has been adopted since the early 1970s, growers’ cost, diseases and pest risks have 
reduced (Lebot 2009, 2010).  
Storage roots have a number of advantages over cuttings: these include, the longer period of 
storage and, root selection can be from shapes and sizes which better maintain genetic 
integrity thereby maximising the subsequent crop’s potential yield. Slip cuttings from storage 
roots may be produced from a maximum of six harvests depending upon cultivar, root size 
and vigour (age) of the bedding storage roots (North Carolina Sweetpotato Commission, 
2011).  
Selection of storage roots that are true-to-type and free of disease is important to raise health 
sprouts. Root size may vary from field selection with the smallest size reaching 20 mm to 39 
mm in diameter; however, the North Carolina Sweetpotato Commission report (2011) 
suggested that small roots produce a similar numbers of sprouts to large roots; each root can 
produce up to 15 plants, with as many as six sprouts growing on each root at one time.  
Normally storage roots are cured immediately after harvest to heal possible injuries from 
harvest and minimize storage losses. The roots are kept away from excessively moist 
conditions as the curing process allows wounds to recover most rapidly at 26°C to 32°C. 
Relative humidity of 85% to 90% with sufficient ventilation is necessary. Wounds and 
bruises heal and a protective cork layer develops over the entire root surface. The cork layer 
and suberin act as a barrier to decay causing organisms and to moisture loss during storage 
(Hall 1994; Motes & Criswell 2012). Curing may last one to three weeks but a longer more 
extended period would reduce sprout emergence, enhance shrinkage, and shorten storage life 
in non- refrigerated facilities (Steinbauer & Kushman 1971).  
Presprouting enhances early shoot harvesting, vigour and produces 2 to 3 times as many 
plants. Fertilizer application, use of mulch and irrigation encourages early sprouting. 
Normally shoots begin to appear within 4 -6 weeks after sowing, and harvesting of sprout is 
done when the shoots are 250 to 400 mm long. Second pruning can be earlier than 15 days 
after the first. Presprouting for a period of 7 - 10 days increased sprout emergence (Hall, 
1993). Yield has been substantially maintained using slips produced from roots (Clark et al. 
2002). 
11 
 
In the USA and other mild temperate climatic regions, farmers saved roots from each crop for 
future planting during the off-season. In Australia during the past decade, storage roots have 
replaced stem cuttings for growers (E. Coleman 2011 pers. comm. 28 October). 
2.1.5 Soil type 
Sweetpotato is grown on a wide range of soil types, from light sandy loams to medium clays. 
It is grown on all major landforms in the Pacific regions including Australia except those 
subject to long-term inundation (swamps) (Bourke 2009). Soil fertility is maintained by 
natural fallows. This is commonly practiced but with the tradition of slash and burn, the soil 
is quickly degraded and becomes less fertile. Crop rotation with the inclusion of other crops 
such as legume (eg.groundnuts), may not adequately supply sufficient nutrients for the next 
planting. Bourke (2009) found the nitrogen fixing tree (Casuarina oligodon), green 
manuring, coffee cherry pulp and chicken manure help improve soil fertility in sweetpotato 
fields.  
2.1.6 Transplanting 
Sprouts are usually planted vertically with the base 5 to 10cm below the soil surface. Stem 
cuttings are generally planted vertically, V-shape and horizontally (flat) with 3 to 4 nodes or 
almost two-thirds of the stem cutting length under the soil surface (Lebot 2009; Onwueme 
1978a). Horizontal planting to a depth of 10 -15 cm with longer stem cuttings of 30 cm 
optimizes marketable storage root numbers (Coleman et al. 2006; Holwerda & Ekanayake 
1991).  
Sweetpotato cuttings can be held 48 – 72 hours after cutting to promote root initiation prior to 
planting, hence, reduce transplanting shock. The leaves should be removed leaving only a 
few at the tip and the vines wrapped in a wet sack or cloth. They should be kept in a cool, 
moist and shady place. This technique may also encourage root development for ease of plant 
growth and establishment but may also have a detrimental effect on yield if the newly 
developed roots are broken during the planting process (Coleman, 2006). The crops are 
generally planted in mounds, ridges or rows with a plant spacing of 20-40 cm but, according 
to Lebot (2009), cultivars with wide canopies and trailing stems are planted at wider spacing 
than cultivars with gathering type or less disperse canopies.  
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For earlier harvesting a plant spacing of 30 cm was considered optimum and gave greatest 
economic gain (Coleman et al. 2006). However, plant density affects yield as well as yield 
percentage in various size grades.  
For a higher plant density, canopy development is rapid with potentially greater yield. 
Commercial farmers in Australia transplant as many as 45,000 plants per hectare (E Coleman 
2011 pers. comm. 28 October). In China, growers transplant 40,000 to 50,000 plants per 
hectare (Bouwkamp 1985). The period from planting to harvesting varies depending on 
factors associated with local conditions and practices. Lebot (2009) found that cuttings from 
the middle and base of the plant can be used but may produce lower yields. 
2.1.7 Irrigation  
Irrigation is rarely practised by sweetpotato growers in Solomon Islands and Papua New 
Guinea. The crop survives and produces economic yields on natural rainfall at planting and 
during growth stages. In the case of excess water and flooding, the use of mounds or ridges 
prevents plants from being waterlogged. Soil moisture at planting is critical for the initial 
establishment and development of adventitious roots within the first 3 to 7 days after planting 
(Villordon et al. 2011).  Coleman et al (2006) found trickle and/or overhead sprinkler 
application to be an effective means to irrigate within the first 7 days for early plant 
establishment and storage root bulking. This has been further supported by Belehu (2003) 
that better root growth was achieved between 12 and 20 days after planting from cuttings 
planted at 80% of soil field capacity. Gomes & Carr (2003) investigated the effect of water 
availability and vine harvesting productivity and suggested that between 360 and 800 mm 
was required for sweetpotato. Excess water is detrimental to growth due to poor aeration. 
2.1.8 Harvesting 
The time of harvesting of sweetpotato is very much dependent on cultivar and environmental 
conditions. Compared to other root crops, sweetpotato is ready for harvesting between 4 and 
8 months but most cultivars are harvested within 4 to 5 months after planting (Lebot 2009; 
Onwueme 1978). In the tropics, sweetpotato cultivars usually takes 140 to 180 days to mature 
compared to 80 or 120 days after planting  in temperate regions (Khan et al. 2008), this could 
be also due to the high performing, early maturing varieties generally planted in temperate 
regions. 
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Kay (1973) and Lebot (2009) indicated that immature plants produce mostly green leaves 
while yellowing of mature leaves shows maturity of storage roots. This can also be observed 
from the storage root sap that rapidly turns black and sticky when dry and the regeneration of 
new shoots from the storage roots if harvesting is delayed. According to Lebot (2009), in the 
tropics, most varieties are harvested as the roots reach marketable size.  
Damage to the roots by insects including sweetpotato weevil, (Cylas spp), diseases and rat 
may also increase crop losses if storage root are left too long in the field. Harvesting in the 
temperate and subtropical regions should be done before the onset of frost in autumn. Any 
delay in harvesting can result in yield losses from freezing or chilling injury to all roots near 
the soil surface if the temperature falls below 10°C.  
In commercial farming systems, a rotary or flail-type mower is used to remove vines at the 
base before a double mouldboard plough or modified potato harvester is used to bring roots 
to the surface. Where sweetpotato is grown mainly for home consumption, staggered 
harvesting is the normal practice. This allows for the smaller roots to be harvested later.  
2.1.9 Storage 
In temperate conditions the harvested roots can be stored for a longer period. Matured 
sweetpotato skin is very delicate and easily damaged: curing sweetpotatoes hardens and seals 
the skin and therefore reduce future infections, reduces desiccation as well as increases visual 
appeal. This process permits healing of cuts, bruises and skinning on storage roots. A curing 
period may last 3- 7 days under 30 - 32°C and 85-90% relative humidity (Boyette 2009; 
Picha 1986). 
The temperatures below 12°C can cause chilling injury which will result in weight loss, 
internal breakdown, off flavours, and rot. It also results in uneven cooking of roots that can 
have unpleasant texture. Storage roots that are properly cured and are free from disease or 
other physiological problems will store for as long as 13 months and remain marketable 
under these conditions. Temperatures above 16°C and high humidity encourage sprouting, 
pithiness and poor appearance (Lebot 2009; Padda & Picha 2008). 
2.1.10 Economic importance 
Sweetpotato is regarded as the seventh important food crop of the world and is cultivated in 
114 countries (Mukhopadhyay et al. 2011; Srinivas 2009).  
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Root and tuber crops including sweetpotato and yam are grown on about 54 million hectares 
worldwide of which 17% is under sweetpotato cultivation (FAO 2008). From this, around 
736 million tonnes in total is produced with 133 million tonnes estimated for sweetpotato 
alone (Waramboi et al. 2011). It ranks among the top ten food crops and fifth most important 
food crop on a fresh-weight basis in developing countries.  
Hence, it provides an important source of food and nutrition to the world’s poorest producers 
and many undernourished households depend upon it to produce large quantities of energy 
per day (Scott et al. 2000). As a root crop, it ranks second only to cassava (Srinivas 2009).  
Sweetpotato is one of the healthiest vegetables, high in vitamins A and C, iron, potassium, 
and fibre and is an excellent source of vitamin A precursor and beta carotene (Lee et al. 
2007). Purple fleshed varieties produce anthocyanin an antioxidant flavonoid with many 
possible health benefits. 
Labour is essential in the production of sweetpotato and provides employment opportunities 
in production, processing and marketing. Sweetpotato also provides a quick cover crop to 
reduce soil erosion and minimizes the use of herbicide and weed control (Orno 1991). It 
becomes an ideal crop in areas with low nitrogen soil with cultivars that simulate leguminous 
crop (Hal 2000). The development and commercialization of the sweetpotato industry in the 
world today is largely due to technologies that enhance prospects of future benefits to the 
industry (Fuglie 2007). 
In tropical countries, sweetpotato is an unusually important crop (Smith et al. 2009), and for 
the Melanesia region, sweetpotato has become increasingly significant in household diets and 
is an invaluable crop for traditional feasting superseding other traditional crops like taro and 
yam. In the Solomon Islands, sweetpotato accounted for more than 50% of land devoted to 
food crop (Jackson et al. 2010).  
2.1.11 Global production 
Globally sweetpotato is declining in area grown. There was a record decline from about 13.4 
million hectares in 1961 to 8.9 million hectares in 2006. The decline was at 1% in the first ten 
years to 1970 and then 2% per annum in the later years. The decline was more predominantly 
seen in Asia and Latin America. This was mainly due to the reduction of the production area 
by approximately 44.4%. However, the effect of this significant decline was offset by the 
growth in sweetpotato area in Africa by 3% over the same period (Srinivas 2009).  
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However, yields globally increased for the same period above, except during 2001 to 2006, 
where a significant 1% decline per annum was recorded. On average, sweetpotato yield per 
hectare has doubled which offsets the effect of decline in sweetpotato area of production. 
Over the past thirty years Latin America and African continents continue to show a decline in 
productivity from less than 0.4% per year (Srinivas 2009).  
FAO statistics 2009 (Mukhopadhyay et al. 2011) indicated that over 82% of the world’s 
production is in Asia. With the decline in yields across Asia, only four of the eleven leading 
sweetpotato production countries are in Asia; eleven countries account for more than 95% of 
the increase in sweetpotato production in developing countries over the past four decades. 
Over the past thirty years, sweetpotato production has fallen sharply in Bangladesh, 
Philippines, Latin America, Sub-Saharan Africa and other industrialized countries.  
Table 2.1 Sweetpotato area, production, and yield by continent 
 
Country  Area (ha)  Production (tonne)  Yield (tonne/ha) 
Asia    4,615,540  88,719,556    19.22   
Africa    3,436,831   15,057,193    4.38 
Europe   5,476    61,044    11.14  
North America  39,223   883,199    22.51  
South America  115,474    1,371,088    11.87  
Oceania   129,099   740,044    5.73  
World    8,510,621  107,642,391    12.64 
Source: FAO (2009) 
Asia which saw China is the single largest producer of sweetpotato in the world, accounted 
for 70% of total area under sweetpotato in cultivation in the world, with an output of about 
100 million metric tonnes annually. The decline in Asia was also due to China setting a lower 
priority on sweetpotato production being focused on cereals and other industrial crops that 
provided them with better productivity. However, there was a general increase in processing 
and utilization of sweetpotato for animal feed and industrial starch (Fuglie 2007).   
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Table 2.2 Countries with highest sweetpotato production (Mukhopadhyay 2011) 
Country  Area (ha)  Production (tonne)  Yield (tonne/ha) 
China    3,860,254   81,212,926    21.03 
Uganda   609,000   2,766,000    4.54 
Indonesia   183,874   2,057,913    11.19 
Angola   160,666   982,588    6.11 
Rwanda   142,000   850,000    5.98 
India    124,000   1,120,000    9.03 
Philippines   118,000   600,000    5.08 
Cuba    78,496   437,100    5.56 
Kenya    77,821   930,784    11.96 
Cameroon   48,000   200,000    4.16 
USA    39,214   883,099    22.52 
Source: FAO (2009) 
 
Solomon Islands: 
Sweetpotato is a staple food crop in Solomon Islands. It is grown on all islands except for a 
few atolls. Bourke (2009) estimated that sweetpotato provides 65% of the food energy. From 
the total production, 99% is consumed by subsistence producers while the remaining 1% is 
sold fresh to the local markets. The production per year was estimated at 304,000 tonnes in 
2007, an increase of more than 40% since 2004, with about 700kg consumed per person per 
year (Bourke 2006, 2009; Jansen et al. 2006).  
Per capita production in the Solomon Islands was recorded at 160 kg/person/year below 
Papua New Guinea per capita production (Loebenstein 2009), but Papua New Guinea 
recorded per capita production was much higher in 1996 (Gibson 2001). 
The value was around US$71million in 2007 calculated from the cost of replacing production 
with imported cheap rice from Asia. It is grown in all soil types from sea level to about 500 m 
altitude on a range of landforms. Like other root crops it is naturally rain fed. Vegetative 
propagation is mostly from previous crops and generations which were left to grow from 
successive gardens.  
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Selection of vine cutting is unsystematic and risk of disease spread is inevitable. Research 
into sweetpotato improvement began in 1967 and in early 1980’s studies on overseas 
cultivars were futile due to their susceptibility to sweetpotato scab caused by fungus (Elsinoe 
batatas) (Caiger 1988; Gollifer 1972a, 1972b). More recently in 2007, a project on the use of 
pathogen tested planting materials to improve sustainable sweetpotato production in Solomon 
Islands and Papua New Guinea was implemented. The project has investigated benefits to 
farmers from using healthy cuttings, and other improved cultural practices, with the aim of 
reducing the impact of pests and diseases (ACIAR 2008).  
A survey on plant viruses and virus diseases in Solomon Islands reported that sweetpotato 
feathery mottle virus, an aphid-borne virus with filamentous particles c. 750 nm, was 
commonly detected in sweetpotato with conspicuous leaf chlorosis and chlorotic spotting. 
The virus was identified by graft and aphid transmission on Ipomoea setosa seedlings (Brunt 
1987). Prior to that Dabek (1977) detected an undescribed virus with isometric particles c. 50 
nm in diameter, It may possibly be a similar virus that has also been detected in Papua New 
Guinea, Puerto Rico, New Zealand and Madeira. Brunt et al. (1990) has also identified the 
presence of sweetpotato calimo-like virus (SPCLV). 
Further serological survey has indicated presence of sweetpotato virus pathogens in the 
country. Samples tested from Malaita and Guadalcanal Provinces showed 8.3% detection of 
sweetpotato feathery mottle virus (SPFMV), and less than 1.0% for sweetpotato virus disease 
G (SPVG), and sweetpotato caulimo-like virus (SPCaLV). The presence of begomovirus was 
also detected (Fuentes et al. 2009). 
Papua New Guinea: 
Papua New Guinea has regarded as having the second largest genetic diversity in the world 
after China. The island is considered an important secondary centre of genetic diversity of 
sweetpotato, particular in the highlands region, where an estimated 5,000 cultivars were 
recorded (Bourke 2009; Yen 1974). This industry has contributed to more than 60% of the 
total food energy derived from staple roots and tubers. It has a record average production of 
more than 520, 000 tonnes each year, with more than 1,500 cultivars of sweetpotatoes grown 
in Papua New Guinea (Liu et al. 2010). Sweetpotato plays a dominant role in food production 
and consumption. Root crops provide about 68% of food energy of which 66% is from 
sweetpotato alone (Bourke 2009).  
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Bourke (2009) estimated that 98% of production is consumed by the growers and their 
animals, particularly the pigs in the highlands. FAO Statistics (2013) indicated that the area 
under crop was more than 120,000 hectares in 2011 but, based on the total production 
estimated at 2.9 million tonnes in 2000 and 3.5 million tonnes in 2007, the area cultivated 
was more than 250,000 hectares.  
The foliage is fed to pigs and used as green manure in composted mounds. The young tips are 
also used as a green vegetable by people. Sweetpotato is grown in almost all rural locations in 
PNG and is cultivated by 99% of the rural population (Bourke 2006, 2009). 
Sweetpotato dominates agricultural production in the highlands of Papua New Guinea and the 
area planted exceeds that for all other food or export cash crops. It is also grown in many 
lowland areas although other staple food crops are also important. There are some indications 
of sweetpotato decline in recent decades, but this has not been clearly established. 
Sweetpotato sold in local food markets is estimated to be worth US$20 million per year. 
Australia: 
Sweetpotato production in Australia is very small on a global scale, but sales have grown 
rapidly in recent years, although it is a minor crop. Increased consumption of sweetpotato 
may be due partly to the health benefits and awareness of its low glycemic index (GI) 
compared to Solanum potato (Maltby et al. 2006). In the past two decades it was 
predominately used as fodder for pigs and cattle. Historically it was an important feed source 
to sustain smallholder dairy cattle in the cool dry winter months and as a supplementary food 
source for the early pioneers. The production of sweetpotato has increased steadily since the 
1980s following introduction of orange flesh varieties. 
Queensland produces 80% of sweetpotato grown in Australia followed by New South Wales 
and Western Australia. The main growing regions in Queensland are Bundaberg, 
Rockhampton and Mareeba. The main growing region in New South Wales is Cudgen in the 
north east of the state. Production is usually limited to the summer months as the winters are 
too cold. However, on the wet tropical coast winters are mild and this crop grows all year 
around which fill the supply gaps in the south.  
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In 2006, when most Australian growers had commenced using PT planting material, the 
Queensland Department of Primary Industry (now Department of Agriculture, Fisheries and 
Forestry - DAFF) estimated that sweetpotato production was around 40 tonnes per hectare, 
45,000 tonnes in total with a farm-gate value for the Australian sweetpotato industry of more 
than forty million Australian dollars (Anon 2006). In 2012 with almost 90% of Australian 
growers using PT planting material, sweetpotato production was around 60 to 80 tonnes per 
hectare, with farm-gate value for the Australian Industry of more than seventy million 
Australian dollars. Commercial cultivars grown in Australia include, Beauregard, Northern 
Star, Kestle, and White Skin Purple Flesh (WSPF) with Beauregard occupying about 95% of 
the market (Bourke 2009; Maltby et al. 2006; Okpul et al. 2011). According to the FAO 
(2013), about 40,500 tonnes was produced in 2011 from a total production area of 1650 
hectares of crop land.  
The improvement of sweetpotato planting material program in Australia was initially 
established in 1985 but until 2001, virus in planting material was not controlled, and 
distribution was by cuttings to growers.  Since then, the Queensland Government under its 
pathogen tested (PT) development scheme promoted virus-free material to support farmers 
with improved marketable yield.  Under the scheme, stock plants are subjected to 
thermotherapy and virus indexing using the standard procedure of Love et al. (1987), 
followed by diagnoses based on indexing and serology. Further improvements have been 
achieved using sprouts (shoots) from virus free roots to replace vegetative vine cutting from a 
single plant. The scheme for production PT planting material for sweetpotato growers has 
now been privatised. The sweetpotato industry in Australia is mostly mechanized to reduce 
labour cost and relies on commercial inputs for higher production.  
2.2 Sweetpotato virus 
2.2.1    Major virus diseases in sweetpotato         
Sweetpotato viruses are among some of the devastating diseases in the world. There are 
several major viral diseases in sweetpotato but only a few have been studied and identified 
(Kokkinos & Clark 2006; Salazar et al. 2001). At least twenty two viruses are known to be 
pathogens of sweetpotato of which more than ten types are recognized to cause damage to the 
sweetpotato industry worldwide (Ling et al. 2010; Wang et al. 2010). The economic losses 
due to these virus diseases are significant.  
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In China for example, only three virus diseases were responsible for yield losses of 20 – 30% 
in sweetpotato regions between 1988 and 1991 (Shang et al. 1996). Only six viruses have 
been reported in Australia (Jones & Dwyer 2007, Hughes & Dennien 2013 pers. comm. 26 
June). The presence of sweetpotato feathery mottle virus (SPFMV) has been reported in 
Australia as early as 1967 (Smith et al. 1967), but was sighted in 1993 and 1994 (Gibb & 
Padovan 1993; Heisswolf et al. 1994). Similar viruses have also being sighted in Solomon 
Islands and Papua New Guinea (Fuentes 2009; Tairo et al. 2006). Sweetpotato virus 2 (SPV-
2) (Tairo et al. 2006), sweetpotato chlorotic fleck virus (SPCFV), (Jones & Dwyer 2007), 
sweetpotato caulimo-like virus (SPCaLV) (Brunt et al. 1990). Sweetpotato virus G (SPVG), 
Begomovirus and various virus complexes involve these viruses (Hughes & Dennien 2013 
pers. comm. 26 June). 
The cultural practice of vegetative propagation provides an efficient way for viruses to be 
perpetuated and disseminated between cropping seasons or growing areas (Salazar & 
Fuentes, 2001).  
The symptoms of sweetpotato virus diseases are: chlorotic spots, sometimes surrounded by 
purple areas on leaves, mottled, curled, wrinkled and yellow leaves and split storage roots (Li 
et al. 1992).  
Various methods of eliminating virus disease of sweetpotato have been developed. These 
include meristem-tip culture and thermotherapy (El-Far & Ashoub 2009; Valverde et al. 
2008; Wang et al. 2010) and the use of more advanced technology. Thus, the use of virus-
tested plants can improve cultivar productivity by as much as 81–224% (Clark & Hoy 2006; 
Feng et al. 2000). However, the yield of virus-tested clones generally decreases gradually 
with successive plantings as a result of re-infection by viruses. Hence, an effective production 
and operation system is needed to frequently replenish planting stock.  
2.2.2 Sweetpotato Feathery Mottle Virus (SPFMV) Disease 
Sweetpotato feathery mottle virus (SPFMV), infects sweetpotatoes worldwide (Feng et al. 
2000) and is the most common virus found in the United States. It is a member of the 
Potyvirus genus and Potyviridae family. SPFMV was first characterized and described in 
1978 but until 1998 SPFMV was the only virus reported in the USA (Moyer & Kennedy 
1978).  
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Because many different strains exist and symptoms induced by these strains differ, many 
names have been used to describe the virus. The names include internal cork virus, 
sweetpotato leafspot virus, sweetpotato ringspot virus, sweetpotato virus A, and russet crack 
virus (Moyer & Salazar 1989). The most distinctive symptom of the virus, irrespective of 
strain, present is the cholorotic feathering of the leaf midrib and, in some genotypes, the 
expression of chlorotic spots with purple rings (Moyer & Salazer 1989).  
SPFMV is aphid and graft-transmissible  and often found in mixed infections which often 
mask the presence of other viruses in sweetpotato, especially those belonging to the same 
family, such as sweetpotato virus G (SPVG) and Ipomoea vein mosaic virus (IVMV), making 
the effort to detect or isolate them specifically very difficult (Souto et al. 2003). This has 
caused much confusion in earlier work, since findings were merely based on symptoms, host 
range and transmission (Moyer & Salazer 1989). 
Detecting SPFMV, like other sweetpotato viruses is a difficult activity. There has been new 
technology developed over the years to detect the presence of viruses on sweetpotato crops 
but the more traditional method was the use of indicator plants, I. setosa and I. nil spp. 
Kokkinos & Clark (2006) have developed a real-time polymerase chain reaction (PCR) 
assays to detect and quantify single and complex reactions of the potyviruses. It has been 
useful to detect SPFMV and other symptomless viruses in plant tissues due to inhibitors in 
sweetpotato that interfere with other types of assays, or low virus titres, or both.  
Serological reactions may be influenced by inhibitors in sweetpotato such as latex, 
polyphenols, and polysaccharides, and may explain the difficulty of detecting these viruses in 
symptomless tissues by enzyme-linked immunosorbent assay (ELISA). However, the 
inherent difficulty in isolating and detecting SPFMV as well as other viruses directly from 
sweetpotato is reflected in the fact that the majority of studies used indicator plants such as I. 
setosa, I. nil, and others for the indirect isolation of these viruses. Even though, at 3 weeks 
after inoculation, the titres of SPFMV were not different among the three hosts, the titre 
levels of potyviruses in I. setosa and I. nil were clearly and consistently above the threshold 
of detection; whereas, in sweetpotato plants, they often were near or below the threshold 
(Kokkinos & Clark 2006). 
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2.2.3 Sweetpotato chlorotic stunt virus (SPCSV) disease. 
Sweetpotato chlorotic stunt virus (SPCSV), a member of the crinivirus genus, is transmitted 
by adult whitefly, Bemisia tabaci (Gennadius) and Trialeurodes abutilonea.  It combines with 
sweetpotato feathery mottle virus (SPFMV), as components of sweetpotato virus disease 
(SPVD), a devastating disease originally described in Africa (Schaefers & Terry 1976). In 
North Carolina (USA), two isolates were obtained in 2001 and 2003, respectively, from 
plants of cv. Beauregard exhibiting symptoms typical of SPVD, including stunting, leaf 
narrowing and distortion, vein clearing, purpling or yellowing, and chlorotic mosaic. Samples 
extracted from symptomatic plants tested positive for SPCSV which was shown to combine 
well with SPFMV. It can synergistically interact with other important viruses including 
sweetpotato mottle virus (SPMMV), sweetpotato virus G (SPVG), and cucumber mosaic 
virus (CMV) (IsHak et al. 2003; Tairo et al. 2005). SPVD can cause yield reduction as high 
as 50%. Milgram et al. (1996) observed that whilst there was no significant effect of 
combined SPFMV and SPCSV on yield, a 30% yield reduction was observed for SPCSV in 
the second year. Gutierrez et al. (2003) found a similar result in Peru; that SPFMV alone did 
not significantly affect yield, but in combination with SPCSV a significant yield reduction 
occurred.  
2.2.4 Sweetpotato leaf curl virus (SPLCV) disease 
Sweetpotato leaf curl virus is also a whitefly- transmitted disease, which belongs to the genus 
Begomovirus. This disease has been reported worldwide and has been found in Italy, Spain 
Japan, China, Taiwan, Korea, Kenya and USA (Fuentes & Salazar 2003; Ibarra-Jimenez et al. 
2012; Lotrakul et al. 2002).  
Sweetpotato leaf curl virus (SPLCV-US) was first found in ornamental sweetpotato and some 
breeding lines but not in sweetpotato grown for commercial vegetable production. 
Sweetpotato leaf curl virus (SPLCV) has been shown to have increased significantly in many 
parts of the world. In the USA this increase was due to the use of infected propagating 
material and increasing population of its vector (Ling et al. 2010). The spread of SPLCV can 
be very rapid in response to increasing whitefly population. Hence, management of the 
whitefly population should be a critical element in control of this virus.  
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SPLCV does not induce symptoms in the foliage of most genotypes but present curling of 
leaves may be observed in warm conditions or it may require the presence of other viruses to 
happen (Fuentes & Salazar 2003). SPLCV can be detected using complex techniques such as 
real-time polymerase chain reaction (RT-PCR) as antibody detection and  rolling circle 
amplification (RCA) using the bacteriophage. The simplest technique is biological indexing 
using susceptible indicator plant such as I. setosa (Clark & Hoy 2006; Haible et al. 2006; 
Trendo et al. 2007).  
2.2.5 Sweetpotato caulimo-like virus (SPCaLV) 
Sweetpotato caulimo-like virus (SPCaLV) is a distinct member of the genus Cavemovirus 
(family Caulimoviridae). SPCaLV was first detected in sweetpotato from Puerto Rico. It was 
detected in a complex with other viruses (including sweetpotato feathery mottle virus 
(SPFMV) from the South Pacific region including Tonga, Papua New Guinea, New Zealand, 
Solomon Islands, and Australia) (Pearson & Grisoni 2002; Rannali et al. 2008; Salazar & 
Fuentes 2000; Tairo et al. 2006), and Madeira, Kenya, Uganda, and USA  (Mukasa et al. 
2003). Previous attempts to characterize SPCaLV failed because of its complexity compared 
to other members of the Caulimoviridae. Unlike other viruses, it can be directly detected in 
sweetpotato, thus saving time during routine virus indexing using a quick DNA extraction 
protocol and PCR primers or use of NCM- ELISA (De Souza & Cuellar 2011). Sweetpotato 
plants infected with SPCaLV usually show no distinct viral symptoms.  
Indexing produces faint chlorotic spots or tiny areas of vein clearing which may develop into 
general chlorosis, wilting and premature death of leaves. SPCaLV is not transmitted by 
aphids, mechanical means, seed or by contact between plants. Its vector is unknown. The 
impacts on yield are unknown (Riis-Jacobsen 2011).  
2.2.6 Method of detection and virus indexing 
The decline of yield and quality of sweetpotato production in commercial sectors has resulted 
in development of techniques and methodology for virus elimination processes.  
The identification of a virus typically requires the application of physical, biological, 
serological and molecular methods. Traditional generic methods for identifying and 
characterizing sweetpotato virus diseases include the use of electron microscopy or indicator 
plants as bioassays.  
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These methods are limited in their scope and only permit partial characterization of viral 
agents. Recently technologies such as diagnostic microarrays and mass spectrometry have 
been proposed as generic tools for identifying viruses (Gruden et al. 2008), although all 
require some prior knowledge of the agents to be identified.    
Visual investigation 
This is a simple method which requires good eye sight to distinguish healthy plants from 
infected plants. There are differences between symptomless and diseased vines. The healthy 
plants generally exhibit fast growth, and dark green leaves but diseased crops are slow to 
grow with small leaves which may show the following; mosaic, vein clearing, chlorosis, 
curling or wrinkling, flowering or less obvious, russet feathery mosaic and ring spots on the 
old leaves.  
Although diseased plants can be rejected easily, some plants latently infected by sweetpotato 
latent virus (SPLV) or sweetpotato symptomless virus (SPSV) may escape visual selection. 
Therefore visual investigation method is not totally effective in rejecting all infected plants 
(Feng et al. 2000). 
Indicator plants 
Ipomoea setosa spp is a convenient indicator plant for detection of sweetpotato viruses. There 
are other Ipomoea (indicator) plant spp (Cohen et al. 1988) but Ipomoea nil (L.) Roth and 
Chenopodium quinoa are useful indicator plants. The stem of the suspected disease plant is 
cut into two sections. The upper section is grafted onto the tip, while the lower section 
becomes the scion grafted on to a plant of I. setosa. Depending on the virus type, after 14 
days, the apparent symptoms such as mosaic, curled or wrinkled leaves or vein clearing 
appear on the plant of I. setosa. I. setosa is used widely to detect virus-free plantlets in a 
screen house or field.  
Although it is simple and suitable to index potential virus-free sweetpotato samples which 
show limited symptoms, it is still difficult to differentiate sweetpotato viruses and it is time 
consuming. When grafting is combined with serological detection method, the detection 
efficiency is improved (Feng et al. 2000; Lotrakul et al. 1998)   
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Serological detection 
Serological detection methods such as nitrocellulose membrane enzyme-linked 
immunosorbent assay (NCM-ELISA) and dot enzyme-linked immunosorbent assay (Dot-
ELISA) are commonly used. Antisera to SPFMV, SPLV, SPMMV and SPCLV are available 
from the ELISA kits. A high titre for SPFMV antiserum and monoclonal antibody is made 
available to detect SPFMV (Meng et al. 1994). Three leaves are sampled from the upper, 
middle and lower portion of the grafted Ipomoea spp to be tested by pooling three discs about 
one cm in diameter per leaf and grinding them in a polyvinyl bag in ELISA extraction buffer. 
The polyclonal antibody for the different viruses is visually detected on the membrane 
sample spot after addition of substrate. Records of positive reaction gives purple colour 
following the procedure as described outline in International Potato Centre (CIP) kits and 
Dennien et al. (2013). 
 Electron microscopy  
This method requires a fine preparation of sap to be observed under an electron microscope 
(EM). It requires correct sampling of suspected diseased plants. The virus may not be 
revealed under the microscope if sampling is done on plant tissue with uneven distributions 
and low concentrations of the virus. EM now combines well with immunosorbent electron 
microscope (ISEM) to detect viruses.  
These methods were been used to detect SPFMV and SPLV including tomato mosaic virus 
(TMV) by Yang et al. (1998). EM is merely used to classify and study viruses and not for 
routine diagnosis as the equipment is expensive and requires biochemical reagents. 
2.2.7 Sweetpotato Pathogen Tested Scheme 
Pathogen Tested (PT) Germplasm 
This is an effective system introduced in many countries to counteract infection of 
propagated planting material. The improved strategy aimed at frequent replacement of the 
second or third parent plant generation in field plantings to subsequently sustain improved 
crop yield (Beetham & Mason 1992; Dennien et al. 2013; Domola et al. 2008).  The scheme 
permits virus- free mother stock to be maintained in insect- proof glass houses which are 
closely monitored.  
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Grafting and field evaluation to maintain field performances are necessary and commercial 
farmers are encouraged to multiply and propagate from the healthy plants as frequently as 
possible. Doing so reduces the chances of disseminating infected material and sources of 
virus spread. In South Africa this strategy was found to effectively maintain the performance 
of sweetpotato cultivars for a few years through healthy mother stock (Domola et al. 2008) 
compared to China and other Asian countries (Feng et al. 2000). 
Virus-tested plants are amongst the best producing cultivars yielding as high as 88 tonnes per 
hectare in Australia (Dennien 2012). In the USA and Israel yield increases markedly up to 
three times and more when compared to virus infected material. In African countries, the 
average yield is barely 7.02 tonnes per hectare but in Asia yield is significantly higher, 
averaging 12.41 tonnes per hectare with China and Japan having the highest yields of 21.6 
tonnes per hectare to 44.4 tonnes per hectare respectively. In South America the average yield 
is 10.74 tons/ha, with Argentina producing up to 17.2 tonnes per hectare. For comparison, the 
average yield in the USA is 20.1 tonnes per hectare (Loebenstein et al. 2009).  
2.3 Soil temperature  
2.3.1 Growing under ambient temperature 
Establishment of sweetpotato cuttings is variable depending on environmental conditions. Air 
and soil temperatures are potentially the most underestimated cause of transplant shock and 
poor storage root development in the sweetpotato.  
High atmospheric temperature without adequate cooling from irrigation can cause a dramatic 
impact on adventitious root development (Coleman et al. 2003). High temperatures are 
inhibitory to storage yield (Sato 1981). 
Although this crop is domesticated in the tropical, sub-tropical and warm temperate regions 
of the world, it is essentially a warm weather crop (Onwueme, 1978; Bourke, 1989). The 
thermal optimum is above 24°C with the temperature ranging from 24 to 28°C most suitable 
for early root and shoot growth (Belehu 2003). Depending on the sweetpotato genotypes a 
range of thermal responsiveness would be expected.  
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2.3.2 Temperature effect 
Sweetpotato is sensitive to low temperatures. Being a tropical crop, it can barely survive at 
temperatures less than 12°C (Belehu, 2003); at 15°C, he found that plants were able to 
survive but did not grow. The growth increased with increasing temperature up to 35°C, but 
the growth was strictly depressed when the temperature reached 38°C. Ravi & Indira (1999) 
confirmed that below 15°C, the storage root formation was supressed whereas air 
temperatures above 30°C increased indole acetic acid oxidase activity which caused 
reduction in storage root formation and growth. 
Villordon et al. (2011; 2010) emphasized that soil temperatures 30°C and greater in the upper 
10 cm of the soil profile during the establishment and storage root initiation phases reduced 
adventitious root counts and storage root yields. Research by Pardales et al. (1999) has 
supported this and has indicated those root zone temperatures of 40°C or higher have greater 
effects on length and development in adventitious roots. This may also have a greater effect 
on the deeper nodes at lower soil temperatures.   
In developed countries, sweetpotato is commercially grown as a high value vegetable under 
intensive managed production systems. Hence, producers are challenged to produce high 
yields and uniform storage roots which are attractive for markets, whilst under subsistence 
farming food security is a priority.  Unfortunately, storage root production is inconsistent 
from plant to plant. Some plants have few or no storage roots while others yield more 
marketable roots. Storage root yield is dependent on both the number and size of the roots 
being produced.  
According to Wilson (1992), the number of storage roots that a plant will bear is determined 
very early in the cropping cycle. Bourke (1991) has used a sigmoid curve shape of the storage 
root growth in Papua New Guinea with a very slow growth at an early stage.   
Among propagation material other factors that cause wide variability in yield of sweetpotato 
include, cultivar, environment and soil factors (Lowe & Wilson 1974). The interaction among 
environmental and genetic factors influences leaf area and production, abscission, leaf 
photosynthesis, dry matter production and partitioning, storage root formation and 
development (Ravi & Indira 1999). 
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Soil as well as air temperature remain the two influential factors in the formation and growth 
of sweetpotato storage roots (Ravi & Indira 1999). A study by Kim (1961) indicated that 
plants grown with less than 2.5% oxygen in the root zone produced more fibrous roots than 
plants grown with 21% oxygen in the root zone with only 10.9% fibrous roots. This has also 
been confirmed by Watanabe et al. (1968), who found that dry and compact soil hampered 
storage root formation. Under field conditions, high soil temperature leads to transplanting 
shock and poor storage root development. Extreme high temperature without adequate 
cooling from irrigation can cause leaf loss and can have a dramatic impact on adventitious 
root development (Coleman et al. 2003). Research by Pardales et al. (1999) has indicated that 
root zone temperatures of 40°C or even higher have greater effect on length and development 
in adventitious roots. This may also have a greater effect on the deeper nodes at lower soil 
temperatures. 
Whilst high soil temperature will remain a core issue in tropical conditions, farmers may need 
to consider optimizing soil temperature to improve sweetpotato yield. The introduction of 
plasticulture worldwide has proved successful in vegetable crops and the sweetpotato 
industry. Coloured plastic mulches are used extensively in commercial sweetpotato 
production, other mulch types are locally available to manipulate high soil temperature 
regimes. High soil temperature have been implicated in initial root establishment which 
affirms that although sweetpotato is a warm loving crop, extremely high soil temperature is 
detrimental to its yield.  
Experiments conducted by Coleman et al. (2006) recorded soil temperature at various depths 
but data collected was not analyzed due to unreplicated samples.   
In another experiment under a modified controlled temperature, it is evident that the 
information was limited due to a shorter growing season. The information gathered, 
therefore, will help to address the increasing soil temperature under field conditions in the 
tropics. Given the fact that the crucial stage of growth of sweetpotato is between 1 to 7 days 
after planting, options for use of mulch are very crucial.  
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CHAPTER 3 
EFFECTS OF STORAGE ROOT ON GROWTH AND DEVELOPMENT OF 
SPROUTS 
3.1 Introduction 
Unrooted sprouts (commonly known as slips in the USA) and vine cuttings of sweetpotato 
are the main planting materials propagated in all parts of the world. While the vegetative 
propagation maintains the selected characteristics of the individual plant and enables 
multiplication of the parent stock (Stenvall et al. 2006), the storage root is also the best 
alternative propagation material for sweetpotato growers. Sweetpotato growers often rely on 
the first generation seed to begin the seed stock program and produce second generation 
which they then use for their commercial crop (Bryan et al. 2003a). Other methods of 
rejuvenating and maintaining individual sweetpotato are the use of tissue culture and 
micropropagation. Vine cuttings are normally taken from existing crops (George et al. 2011) 
or feral plants (Tjintokohadi et al. 2007). In the temperate regions, sweetpotato can only be 
grown as a summer annual while storage roots (seed) are stockpiled during the winter, 
bedded in early spring, and shoots or slips are cut from the sprouts which are used for 
propagation. In China, however, heated propagation beds are often employed to produce the 
stock shoots for spring production, while non-heated systems are used for summer and 
autumn sweetpotato production (Zhang et al. 2009).  
Past research has indicated that propagation using roots maintains genetic integrity which 
maximises the subsequent crop’s potential yield and produces as many as 4 -5 times the 
number of tip cuttings from the seedbed depending on cultivar, root size and vigour of the 
bedding seed stock (Okwuowulu 2003). It is important that seed roots that are true-to-type 
and free of disease are selected. Seed size may vary from small to very large storage roots.  
The North Carolina Sweetpotato Commission (2011) reported the importance of storage root 
selection where number of sprouts produced may be 15 plants depending on its size. Often as 
many as six sprouts may occur on small storage roots at one time. Slip production varies 
according to harvest date interval and the type of growth medium used to raise the storage 
root seed stock (Beaulieu & Marsh 2002). They found that the number of slips and slip length 
were influenced by temperature and cultivar. Yield has been substantially maintained using 
root cuttings (Clark et al. 2002; Edmond & Ammerman 1971).  
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In Australia the use of storage roots to generate sprouts that are capable of producing high 
yield has replaced vine cuttings in the past decade (E Coleman 2011 pers. comm. 28 
October). However, sprout production is variable and there is a need for careful selection of 
the size of storage root size to use for bedding. Sweetpotato sprout and vine tip is also 
harvested as green vegetable for human as well as animal feed (Nwinyi 1992). 
As alternative end uses of sweetpotato are developed, the need to make production less costly 
and labour intensive is important. An example of this is the use of small storage root pieces as 
in potato (Solanum tuberosum) in some countries (George et al. 2011), which are highly 
mechanized with very low labour requirement. However, the aim of this research is to 
investigate the production and longevity of sprouts (slip) from four different sized storage 
roots from two commercial cultivars grown under field conditions.  
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3.2 Materials and methods 
3.2.1 Experiment site  
This experiment was done at University of Queensland Horticultural Field Gatton Campus. 
The site is located at 27°C 35’S and 152°C 23 E. The soil type at the field site is an alluvial 
fine sandy clay loam.  
3.2.2 Preparation of planting material 
Storage roots from two sweetpotato cultivars (Northern Star and Beauregard) were selected 
from a field at Rockhampton, Central Queensland of a commercial sprout grower (Mr Eric 
Coleman). Northern Star which was originally cultivated in Papua New Guinea (Waramboi et 
al. 2011), has dark purple skin colour and creamy flesh, green leaves and purple vines and 
stem. Beauregard originated from the USA, and has orange skin and pale orange flesh, green 
leaves and green vines and stem. Both cultivars were selected from material pathogen tested 
for freedom from virus infection in first generation material. Beauregard cultivar occupies 
90% of the sweetpotato industry in Australia which is mostly sold fresh at the market. 
Four storage root sizes (group or category) for both cultivars were selected. Roots were 
categorized as large, medium, small-medium, and small. The length and width of each size 
were measured and marked on a paper sheet. The preferable size of root was selected by 
placing the roots on the template sheet.  
Weight was used as an alternative selection criterion. Due to the shape of the roots of the   
two cultivars, the weight range was also different for each cultivar (Table 3.1). The roots 
selected for each of the cultivars were based on these conditions: healthy, oblong-round, and 
smooth shape. Each seed root was weighed separately for each category.  
The seed roots were cured in a bin for about 10 days after harvest (after this period, the roots 
are normally sold to farmers). The bin was sealed with hessian and plastic bag to generate 
temperatures of 30°C - 32°C to heal abrasions or wounds caused during harvest (Hall 1993).  
At the same time the seed roots were fumigated with fungicide, Thiabendazole at 3.5 ml/L 
water, to avoid roots from being infected and rotting (Beaulieu & Marsh 2002). The storage 
roots were transported to the experimental site a week after Thiabendalzole was applied.  
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Table 3.1 Treatment description of storage roots 
Cultivar Treatment Storage root 
Size 
Measurement and Weight 
Diameter 
(mm) 
Length 
(mm) 
Weight 
(g) 
Beauregard 1 Small 20 – 35 120 - 175 65  - 110 
 
2 Small-medium 45 – 60 175 -210 230 -325 
 
3 Medium 65 – 90 240 – 280 450  – 655 
 
4 Large 100 – 140 300 – 400 1140  - 2170 
 
Northern 
Star 
5 Small 25 – 50 20 -  120 70 -  110 
 
6 Small-medium 50 – 75 130 – 170 180 – 330 
 
7 Medium 75 – 100 
 
180 – 210 500 -980 
 
8 Large 100 –150 210 – 300 990 -  1900 
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Figure 3.1 Selection of the three storage roots sizes using measurement on paper sheet and 
digital scale. 
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3.2.3 Preparation of the bed 
Three beds were prepared and a shallow trench was dug through the centre of the bed, with a 
much deeper trench for large roots compared to smaller root sizes. Each group of seed was 
sown 5 cm below the soil surface. Each bed was 120 cm wide and each plot was given 100 
cm buffer distance.  
Irrigation was provided through three lines of t-tape 45 cm apart along each bed. The outer 
tape was 15 cm from the edge of the bed. 
3.2.4 Sowing of sweetpotato storage roots (seed)  
Sweetpotato storage roots were sown on 17
th
 November 2011. Twelve storage roots (seeds) 
of each size were placed flat in two lines in each plot along the trench. Each line of roots was 
20 – 25 cm from the central t-tape and about 15 cm from the outer t-tape. Each root was 
placed parallel to the irrigation tape 5 cm apart. Each group of roots was covered with 5 cm 
of soil (Figure 3.2). 
 
 Figure 3.2 Sowing of storage root in a prepared bed. 
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Figure 3.3 Field experiment layout and growth at Harvest 2. 
3.2.5 Cultural practices 
Immediately after sowing the bed was irrigated for 2 -3 hours to moisten the soil. The soil 
was kept moist until sprouts emerged from the surface. Application of water was essential to 
avoid soil crusting and cracking. The ambient soil temperature was recorded at planting until 
final harvest (Appendix 1). 
Hand weeding was done weekly to avoid competition for water and nutrients. Pest and 
disease inspection was done at the same time through visual observation.  
Dead roots were observed once a week and recorded. While these may have been due to 
injury, the roots were exposed to moisture and heat from sunlight. The dead roots gave poor 
growth and stunted sprouts. The leaves initially turned yellowish in colour, becoming narrow 
and abnormal in shape, then wilted and died. Eventually dead roots rotted and produced 
shallow holes underground as shown in Fig 3.4. The total number of sprouts from each plot 
was calculated using the live roots to obtain the average number for the different length 
categories.    
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3.2.6 Experimental treatments 
The experiment was a randomized block design with eight treatments. Each treatment plot 
had 12 storage roots and was replicated five times. The treatments are represented as: 
Northern Star (N) and Beauregard (B) with four storage root sizes:  small (S1), small-medium 
(S2), medium (S3) and large (S4), as shown in Table 3.2 below. 
Table 3.2 Trial plan layout 
Plot REP 1    REP 2             REP 3    REP 4  REP 5 
1 N-S3  B-S3  B-S1  B-S3  B-S1 
2 B-S4  N-S2  B-S4  B-S1  N-S2 
3 N-S2  N-S1  N-S3  B-S2  N-S4 
4 N-S1  B-S1  B-S3  N-S2  N-S3 
5 B-S1  B-S4  N-S1  N-S1  B-S3 
6 B-S3  N-S3  N-S4  B-S4  B-S4 
7 B-S2  B-S2  B-S2  N-S4  B-S2 
8 N-S4  N-S4  N-S2  N-S3  N-S1 
3.2.7 Measurements 
The sprouts were observed weekly and at harvest, closer observation was done. The sprouts 
grew into shoots (longer slips) for potential length as planting material (stem or shoot) for 
transplanting in the field. The first harvest was done when 75% of the shoots from the bed 
were estimated to be 30 cm – 35 cm long. This ensures that sprouts would have similar 
growth and development within the given growing period.  
The sampling interval for the fifth (final) harvest was increased to be similar in Growing 
Degree Days (GDD) to that for the previous harvests: the fifth harvest occurred forty-four 
days after the previous harvest as calculated from the GDD (Table 3.3).The GDD was 
calculated using daily maximum temperature plus the minimum temperature divided by 2 (or 
the mean temperature), minus the base temperature. The base temperature used in this 
calculation was 10°C.  
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The growing degree units (GDD) are accumulated by adding each day’s GDs contribution as 
in most cases here being 21 days (Santhosh Mithra & Somasundaram 2008). The 
measurements for the data were recorded in each harvest.  
Table 3.3 Growing degree days (GDD) for five harvests 
Harvest No. Harvest interval 
(days) 
Growing Degree 
Days (GDD) 
Harvest date 
2012 
1 47 312 Jan 3 
2 21 315 Jan 24 
3 21 298 Feb 14 
4 21 310 March 6 
5 44 323 April 8 
 
3.2.8 Harvesting  
Using pruning shears, the slips were cut 1 cm above the soil surface and measured for three 
categories for length: (i) less than 20 cm (ii) between 20 – 35 cm and, (iii) greater than 35 cm. 
The slips were placed on a paper sheet marked with three length sizes to obtain the individual 
lengths. The slip thickness was also measured at < 0.35 mm and > 0.35 mm for all slips. The 
total number of slips was recorded for individual seed roots in a plot for the three different 
lengths and sizes. Total counts were obtained for the different lengths and sizes recorded for 
each harvest.  
Figure 3.4 Slip cutting measured to length category: (i) less than 20 cm (ii) 20 - 
35cm and (iii) greater than 35 cm. 
3h 3I 
c 
(i) (ii) (iii) 
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3.3 Results and discussion 
3.3.1 Storage root producing sprout 
The results recorded in Tables 3.4 to 3.14 below summarise the mean counts for all the sprout 
length and thickness categories for Beauregard and Northern Star cultivars.  
3.3.2 Cultivar effects on sprout production 
There were no significant differences in counts for all sprout categories for cultivars in 
Harvest 1.  In Harvest 2, Beauregard produced more < 20 cm but fewer ˃35 cm sprouts than 
Northern Star.  For Harvest 3, Beauregard produced more sprouts for < 20 cm and 20-35 cm 
categories.  In Harvests 4 and 5, there were also more < 20 cm sprouts for Beauregard but 
fewer in 20-35 cm category.  In Harvest 5, Northern Star produced more sprouts for the > 35 
cm category.  Overall, there were more sprouts in the < 20 cm category for Beauregard across 
all harvests (except Harvest 1) but little evidence for differences in the other two categories.  
Beaulieu & Marsh (2002) noted an overall increase in sprout production in the third (week) 
harvest for two experiments for sprout length between 16.5 cm and 20.3 cm under hot water 
treatment. Their experiment was first harvested when sprouts were 12.7 cm long, which on 
average occurred 23 days after sowing. Sprouts produced in the present trial were left to grow 
much longer to ensure 75% of sprouts had reached < 30 - 35 cm length. Beattie (1932) 
experimented with Porto Rico sweetpotato variety in Beltsville, Maryland USA and increased 
sprout production by cutting the roots into smaller pieces but this also reduced the size of the 
sprout. A similar example was obtained from the study trial for Beauregard which produced a 
high numbers of short sprouts > 20 cm from the seed roots tested. These pieces in Beattie’s 
(1932) trial were the same weight as the small-medium roots in the present trial and produced 
an average sprout number of between15 to 25 in 24 to 27 days. He has also found that the 
total number of sprout produced within 35 days was much higher than that produced in the 
present trial but using cut root pieces resulted in a high percentage of rot which is a 
disadvantage over whole sown roots. He concluded that a smaller sprout is as good as a larger 
one and that the size of the seed stock (storage root) had no effect on the vitality and 
productivity of the sprouts produced. In supporting his suggestion, Okwuowulu (2003) 
claimed that emergence of sprout was cultivar dependent and also affected by age of storage 
root. However, the age differences for the storage root were not tested in this trial but sprouts 
produced showed less variability within each harvest.   
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 Hall (1993) agreed with his previous studies in 1990 and 1992 that pre-sprouting within 7 – 
10 days improved sprout emergence and number of sprouts produced. However, the storage 
roots used in the present study were covered to improve curability which at the same time 
may encourage sprout production. 
Table 3.4 Cultivar effects on counts for sprout length categories  
Harvest Sprout Length 
Category (cm) 
Sprout Number 
Cultivar 
Beauregard Northern Star 
 
1 
< 20 1.5 a 1.3 a 
20-35 1.9 a 1.9 a 
> 35 10.2 a 10.4 a 
 
 
2 
<20 7.8 a 4.3 b 
20 – 35 6.5 a 4.8 a 
> 35 5.8 b 7.8 a 
 
 
3 
<20 9.9 a 5.3 b 
20-35 6.1 a 5.1 b 
> 35 7.2 a 8.1 a 
 
 
4 
<20 14.2 a 8.0 b 
20-35 4.8 b 6.2 a 
> 35 2.6 a 3.6 a 
 
 
5 
<20 13.7 a 5.5 b 
20-35 3.5 b 4.7 a 
> 35 3.7 b 5.3 a 
 
Values with different letters within the row are significantly different at 0.05% confidence level. 
3.3.3 Cultivar effects on counts for sprout length categories 
Table 3.5 shows that Beauregard has the highest mean count for <20 cm category. One of the 
main reasons was the branching of the main apical tip caused by the previous cutting. This 
has resulted in emergence of new sprouts growing from the previous stem.  
This regrowth led to it producing the highest number of sprouts overall. However, about fifty 
per cent of these were <20 cm length which are poor planting material for a sweetpotato crop.  
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While commercial farmers discard sprouts less than 20 cm, 20 – 35 cm has proven the best 
length for farmers to use in propagation of sweetpotato crop (North Carolina Sweetpotato 
Commission 2012). Of course, spouts longer than 35 cm would be useful as well (Coleman et 
al. 2006). Northern Star produced a higher proportion of usable sprouts (70%) compared to 
Beauregard (53%) (Table 3.5). This was largely the result of producing fewer sprouts <20 cm 
long than Beauregard because less storage reserves were then available for production of 
longer sprouts. 
The two cultivars showed increased counts as the harvests progressed with a slight decrease 
in the final one. A general increase in numbers especially in Harvest 1 to Harvest 2 was a 
result of new sprouts and branching due to the removal of apical dominance where the 
previous cutting was made. By the fifth harvest, a decrease in daily mean temperature as well 
as rundown in storage reserves in the storage roots may have affected the production and 
growth of sprouts. 
There was also a marked change in the proportion of each category with progressive harvests.  
Initially, sprouts >35 cm were the largest class but by harvest two and three, their number 
was similar to the <20cm class with slightly fewer for the 20 -35 cm class. However, by 
harvest four and five, numbers in the <20 cm class were much higher than for the other 
classes. These changes are likely due to the same reasons given above.   
Table 3.5 Total mean count for both cultivars for sprout length for all harvests 
Sprout length (cm) Total sprout mean count  
Beauregard                              Northern Star 
<20 47.3 a  24.4  b 
20 -35 22.8 a 22.7 a 
>35 29.7 b 35.2 a 
Total  99.8 82.3 
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3.3.4 Cultivar effects on sprout thickness 
Harvest 1 showed no differences in sprout thickness for any categories (Table 3.6).  For 
Harvest 2, there was a greater number of thinner sprouts for < 20 cm class for Beauregard 
than Northern Star and a larger number of thicker types for 20-35 cm and smaller number of 
> 35 cm classes.  
A similar pattern was revealed for Harvest 3 but Beauregard also had a greater number of 
thinner sprouts for 20-35 cm and > 35 cm classes than Northern Star.  For Harvest 4, 
Beauregard had a larger number of thinner and thicker sprouts for the < 20 cm class but fewer 
thicker sprouts for 20-35 cm class.  The same pattern was repeated for Harvest 5 as well as 
Beauregard producing a greater number of thinner and fewer thicker sprouts for > 35 cm 
class than Northern Star. Generally, sprouts longer than 20 cm produced many thick sprouts 
than those shorter than 20 cm. This gives an impression for the early sprout that they tend to 
be more vigorous and are healthy propagules which are ideal planting material.  
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Table 3.6 Cultivar effects on numbers of sprout thickness categories 
 
Harvest 
 
Sprout Type Category 
Sprout Number 
Cultivar 
Length (cm) Thickness (cm) Beauregard Northern Star 
 
 
1 
<20 < 0.35 1.3 a 1.0 a 
<20 >0.35 0.3 a 0.3 a 
20 -35 < 0.35 0.6 a 0.8 a 
20-35 >0.35 1.2 a 1.1 a 
>35 < 0.35 1.6 a 1.4 a 
>35 > 0.35 8.6 a 9.2 a 
 
 
 
 
2 
<20 < 0.35 7.7 a 4.2 b 
<20 > 0.35 0.1 a 0.1 a 
20-35 < 0.35 1.1 a 0.9 a 
20-35 > 0.35 4.8 a 3.9b 
>35 < 0.35 0.1 a 0.1 a 
>35 > 0.35 5.7 b 7.7 a 
 
 
 
 
3 
<20 < 0.35 9.8 a 5.3 b 
<20 >0.35 0.2 a 0.0 a 
20-35 < 0.35 1.0 a 0.6 b 
20-35 >0.35 5.0 a 4.5 b 
>35 < 0.35 0.1 a 0.0 b 
>35 > 0.35 7.1 a 8.1 a 
 
 
 
 
4 
<20 < 0.35 13.7 a 7.7 b 
<20 > 0.035 0.5 a 0.3 b 
20-35 < 0.35 0.3 a 0.4 a 
20-35 > 0.035 4.4 b 5.7 a 
>35 < 0.35 0.0 a 0.0 a 
>35 > 0.035 2.6 a 3.6 a 
 
 
 
 
5 
<20 < 0.35 11.1a 3.8 b 
<20 > 0.35 2.6 a 1.6 b 
20-35 < 0.35 0.1 a 0.2 a 
20-35 > 0.35 3.3 b 4.5 a 
>35 < 0.35 0.2 a 0.0 b 
>35 > 0.35 3.6 b 5.3 a 
 
Values with different letters within the row are significantly different at 0.05% confidence level.  
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Table 3.7 Cultivar effects on number of sprout thickness categories across harvests 
Sprout type category 
Category 
Sprout Number 
Cultivar 
Length  (cm) Thickness (cm) Beauregard  Northern Star 
< 20 
˂ 20 
< 0.35 
> 0.35 
43.6 
3.7 
22.0 
2.3 
 
20 - 35   
20 - 35  
< 0.35 
> 0.35 
53.1 
18.1 
2.9 
19.7 
 
> 35 
> 35 
< 0.35 
< 0.35 
2.0 
27.6 
1.5 
33.9 
 
Total < 0.35 
> 0.35 
28.7 
50.0 
26.4 
55.9 
 
 
When data from all harvests was evaluated (Table 3.7), it was clearly evident that Beauregard 
produced a greater number of thinner sprouts than Northern Star mostly in the < 20 cm class.  
There was little cultivar difference for number of thicker sprouts and these were consistent 
across different length categories.  In addition, for the 20-35 cm and > 35 cm classes, thicker 
sprouts far outnumbered thinner sprouts, a reversal of the < 20 cm class numbers.  Clearly, 
there is a close association between short sprout length and thinness, as might be expected 
from a developmental point of view.  
The ‘thickness’ and/or ‘thinness’ of sprout was measured at greater than 0.35 cm or less than 
0.35 cm respectively. This parameter underlines the importance of quality and vigour of plant 
which is best determined by the size of the stem. The slender slips are weak and do not 
survive in the field, especially if the soil is dry immediately after transplanting (North 
Carolina Sweetpotato Commission 2011).  
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Coleman et al. (2006) found that thick and longer healthy tip cuttings were more productive 
than short thin stems. Beaulieu and Marsh (2002) indicated that thick slips were associated 
with early sprouts which they found improved sweetpotato yields but Clark et al. (2010) used 
sprout length longer than 30 cm (1 cm thick) from generation 1 (G 1) to produce marketable 
yield which was not significantly different from second generation (G2) and third generation 
(G3). Caldiz (1996) has also emphasized the positive implication for young seed on the 
production of stolon tips and growth of tubers on potato (Solanum tuberosum L.) where 
tubers had been selected from the different age groups. Hence, the younger the seed, the 
quicker the sprouts are formed and emerged. A trial in Nigeria on various age groups of 
storage root showed that sprouting occurred largely in the first month of storage in traditional 
baskets irrespective of age of storage roots and sprout production decreased when storage 
roots were kept long (Okwuowulu 2003). This would be due to the sprout development in 
response to the physical and biochemical changes (for example, loss of metabolite) that 
occurs with aging during storage.  
Table 3.8 Mean cultivar effects on number of sprout thickness categories across harvests 
Sprout type 
Category 
Sprout Number  
Cultivar 
Length (cm) Thickness (cm) Beauregard  Northern Star 
 
< 20 
< 20 
< 0.35 
> 0.35  
8.7 a 
0.7 a 
4.4 a  
0.5 a 
 
20 - 35 
20 - 35 
< 0.35 
> 0.35 
0.6 a 
3.7 a 
0.6 a 
3.9 a 
 
> 35 
> 35 
< 0.35 
> 0.35 
0.4 a 
5.5 b 
0.3 a 
6.8 a 
 
 
Values with different letters within the row are significant different at 0.05% confidence level. 
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Table 3.9 Effects of storage root size on sprout numbers for three categories of sprout length   
Harvest Sprout Length 
(cm) 
Sprout Number 
 
Storage root  
Size 
 
Large Medium Small -
medium 
Small 
 < 20 1.4 a 1.2 a 1.6 a 1.6 a 
1 20 - 35 2.3 a 2.1 a 1.8 a 1.2 a 
 > 35 18.2 a 12.2 b 6.8 c 4.0 c 
 
 < 20 8.6 a 6.1 b 6.0 b 3.7 c 
2 20 - 35 7.3 a 5.9 a 4.8 a 4.7 a 
 > 35 10.4 a 8.5 a 5.4 b 2.8 c 
 
 < 20 11.3 a 7.1 b 7.3 b 4.6 c 
3 20 - 35 7.4 a 5.9 ab 5.3 b 3.7 c 
 > 35 10.9 a 9.7 a 6.1 b 3.9 c 
 
 < 20 15.8 a 12.2 b 9.9 bc 6.6 c 
4 20 - 35 6.9 a 6.3 ab 5.2 b 3.4 c 
 > 35 5.2 a 3.7 ab 2.3 bc 1.2 c 
 
 < 20 13 a 10.8 ab 8.5 bc 6.1 c 
5 20 - 35 5.5 a 3.8 ab 4.1 b 3.1 b 
 > 35 7.1 a 5.1 ab 3.9 bc 2.1 c 
 
 
Values with different letters within the row are significant different at 0.05% confidence level. 
 
The first harvest showed no significant difference among the four storage root sizes for the 
three length categories except for > 35 cm length which showed the larger size roots 
produced more sprouts than the medium size root and both were significantly higher than the 
other categories (Table 3.9). The same effect was observed for all other harvests. In addition, 
large storage roots produced more ˂ 20 cm and 20 – 35 cm sprouts than the medium size 
roots which in turn were generally higher producing than the other smaller storage roots. For 
all other harvests, significant effects were identified for each size category with a progressive 
decrease in the number of sprouts with reduction in storage root size. In four of the five 
harvests, the number of sprouts from the large storage roots was not significantly different 
from the number from medium storage roots though the values tended to be lower.  
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For the later harvests, more of the < 20 cm sprouts were produced by all size categories and 
fewer sprouts > 35 cm by the large and medium size reserves; the former increases the 
number of initiated sprouts and the latter the size of these sprouts. 
Table 3.10 Effect of storage roots size on sprout numbers for three categories of sprout for all 
harvests and both cultivars 
Sprout Length 
(cm) 
 
Sprout Number 
Storage Root Size 
Large Medium Small-medium Small 
< 20 50.1 37.4 33.3 22.6 
 
20 - 35 29.4 24.0 21.2 16.1 
 
> 35 51.8 39.2 24.5 14.0 
 
Total 131.3 100.6 79.0 52.7 
 
 
When the total number of sprouts from all harvests was calculated, large roots produced the 
highest numbers (131) with progressive reduction as storage root size reduces (53 for the 
small roots) (Table 3.10). This would be expected as the larger storage roots would have 
larger volumes of storage nutrients.  
For large and medium storage roots, there was a similar number of 20 – 35 cm types but large 
roots tended to produce more ˂ 20 cm and ˃ 35 cm categories. Both large and medium 
storage roots produced about equal numbers of small and large sprouts.  
For the smaller storage roots, the proportion of short and 20 -35 cm sprouts tended to increase 
and the number of longer sprouts decreased. This may be again the lack of ability of the 
smaller storage roots to produce longer sprouts due to the limited storage capacity (Table 
3.11).  
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In terms of which storage root size is the best for sprout production, the percentage of sprouts 
of desirable length (20 -35 cm and > 35 cm) was similar for large (62%) and medium (63%) 
storage roots.  
The percentages of these desirable length sprouts for small –medium and small storage roots 
were 58% and 57% respectively. Because medium size storage roots were up to half the 
weight of large storage roots, then it is more profitable to use these for sprout production.  
Table 3.11 Effects of storage roots size on mean sprout numbers for three categories of    
sprout for all harvests 
Sprout Length 
(cm) 
Sprout Number 
Storage Root Size 
Large Medium Small-medium Small 
˂ 20 10.0 a 7.5 ab 6.7 bc 4.5 c 
 
20 - 35 5.9 a 4.8 b 4.2 bc 3.2 c 
 
˃ 35 10.4 a 7.8 ab 4.9 bc 3.2 c 
 
Values with different letters within the row are significantly different at 0.05% confidence level.  
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Table 3.12 Effects of storage root size on number of sprouts for thickness 
Values with different letters within the row are significantly different at 0.05% confidence level. 
 
Harvest 
 
 
Sprout Category 
(cm) 
Sprout Number 
Storage Root Size 
Large Medium Small-medium Small 
 
 
1 
<20 < 0.35 1.1a 1.2a 1.2a 1.3a 
<20 > 0.35 0.4a 0.1a 0.4a 0.3a 
20-35 < 0.35 0.8a 0.8a 0.7a 0.4a 
20-35 > 0.35 1.5a 1.3a 1.0a 1.0a 
>35 <  0.35 3.3a 1.3b 0.9b 0.5b 
>35 > 0.35 15.1a 10.7b 
 
6.3c 3.5d 
 
 
 
2 
<20 < 0.35 8.4a 5.8b 5.9b 3.7c 
<20 > 0.35 0.2a 0.3a 0.0a 0.0a 
20-35 < 0.35 1.7a 1.2ab 0.7bc 0.4c 
20-35 > 0.35 5.8a 4.8ab 4.2b 2.7c 
>35 < 0.35 0.2a 0.1a 0.0a 0.1a 
>35 > 0.35 10.15a 
 
8.4a 
 
5.4b 
 
2.8c 
 
 
 
 
3 
<20 < 0.35 11.0a 7.1b 7.3b 4.6c 
<20 > 0.35 0.3a 0.0a 0.0a 0.0a 
20-35 < 0.35 1.1a 0.9a 0.7a 0.6a 
20-35 > 0.35 6.3a 5.0b 4.6b 3.1c 
>35 < 0.35 0.1a 0.0a 0.1a 0.1a 
>35 > 0.35 10.8a 
 
9.7a 
 
6.0b 
 
3.8c 
 
 
 
 
4 
<20 < 0.35 14.9a 11.6b 9.7bc 6.6c 
<20 > 0.35 0.9a 0.6b 0.2c 0.0c 
20-35 < 0.35 0.6a 0.4ab 0.4ab 0.14b 
20-35 > 0.35 6.3a 5.9ab 5.0b 3.2c 
>35 < 0.35 0.0a 0.0a 0.0a 0.0a 
>35 > 0.035 5.2a 
 
3.7ab 
 
2.3bc 
 
1.2c 
 
 
 
 
5 
<20 < 0.35 10.6a 8.8ab 5.8bc 4.5c 
<20 >0.035 2.0a 0.1a 2.7a 1.6a 
20-35 < 0.35 0.3a 0.1ab 0.2ab 0.5b 
20-35 > 0.035 5.3a 3.5ab 3.9b 3.1b 
>35 < 0.35 0.1a 0.1a 0.1a 0.2a 
>35 > 0.035 7.0a 
 
5.0b 
 
3.8bc 
 
1.9 c 
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For harvest 1 (Table 3.12), significant differences occurred only at > 35 cm storage roots for 
both thin and thick sprouts. However, for later harvests, all but a few categories showed 
significant differences.  
Larger storage roots produced more of both thin and thick sprouts and there was a 
progressive decrease in numbers as storage root size decreased. This trend generally applied 
to all harvests and all categories of storage roots (Table 3.12).  
Larger storage roots produced a larger number of thick sprouts than thin sprouts but the 
proportion of these progressively decreased as storage root size decreased (Table 3.13) and 
most likely is a reflection of storage size. The sugar levels may have been affected but 
Tanaka et al. (2001) reported that no significant changes in sugar concentration after twenty 
weeks of sowing under hot water treatment for the similar root sizes but no sprout was 
produced after this period.  Cultivars with low dry matter content as in Beauregard compared 
to Northern Star (Chapter 4 Table 4.1) with high sugar (monosaccharide) levels may lose less 
weight which would have affected the production of sprouts in large storage root.  All storage 
root sizes produced large numbers of thin sprouts for < 20 cm and thick sprouts for 20 -35 cm 
and >35 cm classes. Very few sprouts were produced for other categories across all storage 
root sizes.  
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Table 3.13 Effects of storage root size on average sprout numbers for thickness for all 
harvests  
 
Sprout Category (cm) 
 
Sprout Number 
Storage Root Size 
Large Medium Small-medium Small 
< 20 
>20 
< 0.35 
> 0.35 
46.0 
3.8 
34.5 
1.1 
29.9 
3.3 
20.7 
1.9 
 
20 - 35 
20 - 35 
< 0.35 
> 0.35 
4.5 
25.2 
3.4 
20.5 
2.7 
18.7 
2.0 
13.1 
 
< 35 
> 35 
< 0.35 
> 0.35 
3.7 
48.3 
1.5 
37.5 
1.1 
23.8 
0.9 
13.2 
 
Total < 0.35 
> 0.35 
54.2 
77.3 
39.4 
59.1 
33.7 
45.8 
23.6 
28.2 
 
 
Table 3.14 Effects of storage root size effects on mean sprout numbers for thickness for all 
harvests 
Sprout Category (cm) Sprout Number 
Storage Root Size  
Large Medium Small-medium Small 
< 20 
>20 
< 0.35 
> 0.35 
9.2 a 
0.8 a 
6.9 ab 
0.2 a 
0.6 bc 
0.7 a 
4.1 c 
0.4 a 
 
20 - 35 
20 - 35 
< 0.35 
> 0.35 
0.9 a 
5.0 a 
0.7 ab 
4.1 ab 
0.5 ab 
3.7 b 
0.4 b 
2.6 c 
 
> 35 
> 35 
< 0.35 
> 0.35 
0.7 a 
9.7 a 
0.3 a 
7.5 a 
0.2 a 
4.8 a 
0.2 a 
2.6 b 
 
Values with different letters within the row are significantly different at 0.05% confidence level. 
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3.4 Conclusions 
Sweetpotato propagation is either by vine (tip) cutting or sprout (slip) cutting from storage 
root but the latter has substantial importance for commercial growers. Sprout production is an 
important economic consideration for large scale sweetpotato farms. At planting time, 
vigorous and abundant sprout production is required to minimise the cost of propagation 
material. Sprouting is generally manipulated by temperature and humidity under which the 
crop is sown or stored. Immediately following harvest, a 5 – 7 days curing period at  30°C to 
32°C to heal the skin abrasions and wounds inflicted during harvest and handling, reduce 
moisture loss and minimize microbial decay. Further to this, ideal presprouting conditions are 
necessary to accelerate plant emergence and increase production of sprouts. However, 
opposed to sprout growth, storage roots may be subjected to temperatures above 40°C to 
discourage sprouting while maintaining quality storage root for substantial periods. 
 The production of sprouts was found to be cultivar dependent which was attributed to the 
yield, sprout length and thickness for the different sprout categories investigated. The 
harvesting interval days was affected by the ambient temperature during the trial period.  
Sprout production shows some significant differences in the number of sprout produced for 
all sprout length categories for Beauregard and Northern Star in Harvest 2 to Harvest 5 but no 
significant differences in the first harvest. Beauregard produced more < 20 cm and fewer ˃35 
cm sprouts than Northern Star in Harvest 1 to 3 and fewer sprouts for 20 -35 cm length in the 
later harvests.  Northern Star had more sprouts number for the > 35 cm category compared to 
Beauregard. Beauregard produced a greater number of thinner sprouts of length less than 20 
cm but Northern Star a produced larger number of thicker sprouts for 20 – 35 cm length but 
fewer > 35 cm length classes. There was a close association between short sprout length and 
thinness where generally, sprout longer than 20 cm produced many thick sprouts than those 
shorter than 20 cm.  
Normally commercial farmers discard sprouts less than 20 cm as longer sprouts have been 
proven to be the best length for farmers to use in propagation of sweetpotato crop. Northern 
Star produced about 70% of these usable sprouts compared to Beauregard with only 53% 
which was associated with a larger number of sprout less than 20 cm. 
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CHAPTER 4 
EVALUATION OF SEVEN PATHOGEN TESTED AND NON- PATHOGEN TESTED 
SWEETPOTATO VARIETIES 
4.1 Introduction  
Sweetpotato viruses are one of the major causes of yield decline in sweetpotato production in 
industrial countries and they endanger subsistence growers and food security in developing 
countries (Clark & Hoy 2006; Loebenstein et al. 2003; Tairo et al. 2005). Viruses can cause 
storage roots yield losses of up to 90% (Clark & Valverde 2001; Njeru et al. 2004). Virus 
infection has also had impact on cultivar decline (Bryan et al. 2003b; Clark et al. 2002; 
Lewthwaite et al. 2011) and quality of storage root was also claimed to be influenced by virus 
infection (Lee et al. 2007). There are more than twenty-two sweetpototato viruses known to 
infect the crop (O'Sullivan et al. 2005; Salazar & Fuentes 2000; Tairo et al. 2005). The 
presence of sweetpotato viruses has been reported in Australia as early as 1967 (Smith et al. 
1967). Six sweetpotato viruses have been identified in Australia (Gibb & Padovan 1993; 
Heisswolf et al. 1994; Hughes & Dennien 2013; Jones & Dwyer 2007; Tairo et al. 2006). 
Survey reports confirmed the presence of these viruses (Fuentes et al. 2009). However, the 
variability in damage to sweetpotatoes has often been confounded by crop genotype and the 
number of viruses under consideration. Mihovilovich et al. (2000); Njeru et al. (2004) and 
Mukasa et al. (2006) illustrated that mixed virus infections resulted in more pronounced 
symptoms and increased impact on yield compared to single infections. 
Transmission of virus disease is mainly by insects (Byamukama et al. 2004; Loebenstein et 
al. 2003; Schaefers & Terry 1976; Valverde et al. 2004). Viruses are also spread through use 
of infected planting material which mostly occurs due to human activities (Gibbs et al. 2008; 
Karyeija et al. 1998). The virus status and nature of the diseases have been studied and means 
to control using chemicals is costly and not very effective (Sharaf 1984). Biological control 
such as, the use of a mild strain of sweetpotato feathery mottle virus to control Russet crack 
disease was investigated but the effectiveness of control on a large scale is not known 
(Yamasaki et al. 2009). An approach aiming at the development of a virus free crop in the 
region with stakeholders from Asia and the South Pacific has been implemented under the 
Australian Centre for International Agricultural Research (ACIAR) in the mid1980s 
(Beetham & Mason 1992).  
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The program was successful though reinfection by viruses remains a challenge for farmers. 
Australia, China, South Africa and the USA successfully use pathogen–tested (PT) planting 
material (Clark & Hoy 2006; Gao et al. 2000; Wang et al. 2010).  
The Australian scheme demonstrated the detrimental effects of viruses on yield and the 
benefit growers can achieve through increased production using healthy planting material 
(Dennien et al. 2013). 
Following successful development of the Australian PT scheme, ACIAR has helped other 
Pacific Island countries benefit from the technology. Papua New Guinea has prioritised the 
adoption of virus free planting material and Solomon Islands has also been involved in the 
scheme. In collaboration with the Department of Agriculture, Fisheries and Forestry, 
Queensland (DAFF), a process based on in vitro thermotherapy, Ipomoea setosa grafting and 
ELISA has been developed to produce vines free from virus. Dennien et al. (2013) revised 
the previous publication by Beetham & Mason (1992) to update the processes used to 
pathogen test vines. The rate of decline in storage root yield in field grown PT material has 
been assessed in PNG. Vines derived from PT material were found to out yield farmer 
material for up to three generations (Hughes 2013). 
Varietal trial experiments focused on yield differences between pathogen tested (PT) and 
non-pathogen tested (NPT) varieties. Beauregard and Northern Star PT, the Australian 
industry standards, for gold and white flesh sweetpotatoes provided the yard stick and five 
other varieties were measured for their commercial value. Trials conducted at Bundaberg, 
Cudgen and Gatton in Queensland have indicated that Beauregard had a superior marketable 
yield as high as 24 tonnes per hectare, about 1 to 2 tonnes higher than Northern Star (Dennien 
2012). Okpul et al. (2011) found for 14 cultivars trialled at Bundaberg an average 38% 
increase in total storage root yield for all cultivars and in cv. Beauregard a significantly 
improved marketable and total storage root yield of up to 470% and 148% respectively. The 
findings also showed the marketability of Higaturu (L3) was higher than Beauregard (Okpul 
et al. 2011). Yield improvement in cultivars has also been reported in other overseas 
countries (Clark & Hoy 2006; Gao et al. 2000; Lee et al. 2007).  
The experiment discussed in this chapter investigates the effect of virus-tested and virus 
infected planting material on growth and yield characteristics in seven sweetpotato varieties.  
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4.2 Materials and methods 
4.2.1 Location of experiment site 
The experiment was done at the University of Queensland (UQ), Gatton Campus Horticulture 
Field Station, from 30 December 2011 to 8 August 2012. The site is located at 27° 35' S and 
152° 23' E. The soil type at the field site is an alluvial fine sandy clay loam.   
4.2.2 Sweetpotato varieties  
Pathogen tested and virus infected varieties 
 Stem cuttings of seven pathogen tested (PT) sweetpotato varieties used in this study were 
obtained from the Queensland Department of Agriculture, Forestry and Fisheries (DAFF). 
The varieties were tested as free from sweetpotato viruses. Table 4.1, describe the seven 
sweetpotato varieties used in this study. Field infected varieties were also obtained from 
DAFF and had previously been confirmed by ELISA, I. setosa indexing, and in some cases 
PCR to detect SPFMV and Begomovirus. These field plants from Bundaberg; included L3, 
Lola Tonga, L49, Northern Star and Beauregard. Symptoms of Begomovirus had been 
observed on Northern Star and Beauregard. LD02 and Vekeoli were inoculated with the 
SPFMV infected varieties from “Snowhite” and “Gatton Esk Rd” field plants in an attempt to 
transmit virus infections. These varieties were side grafted with virus infected (plant) scions 
using a similar method described by Dennien et al. (2013) and Beetham & Mason (1992), to 
transmit virus onto I. setosa, but in this case the infected scions were grafted onto healthy 
plants of the same species using side (veneer) grafts. Multiplication of plants was done in the 
separate aphid proof glasshouses at UQ, Gatton Campus ie: virus infected Non-PT plants 
were kept in a separate area to the virus tested PT plants. A weekly spray with insecticide, 
Procide at 0.5ml/l and fungicides, Mancozeb at 2gm/l or Amistar at 0.5 ml/l was applied to 
the pathogen tested plants. For the infected plants, spraying was done only when leaf eating 
insects were found present. The clean Solomon Islands varieties Vekeoli and LD02, were 
grafted with virus (SPFMV) infected plants from varieties Snowhite and Gatton Esk Rd.  
Plants were four weeks old when side (veneer) grafts were used to transmit virus diseases to 
these varieties (Fig 4.1). Five plants of each variety were grown, each with two grafts. They 
were supported by bamboo sticks tied to the stem and covered with a plastic bag to keep the 
plants in a high humidity environment. They were maintained in the glasshouse to provide 
suitable conditions for satisfactory establishment of grafts.  
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The grafted plants were labelled and after 7 days, the plastic bags were removed and the 
plants were left in the open to grow. The stems above the grafting position were removed and 
planted in polystyrene boxes (45 cm x 30 cm x 20 cm) for 3- 4 weeks for further 
multiplication. Plants for virus indexing were randomly selected from the glasshouse.  
 
Figure 4.1 LD02 being side (veneer) grafted with Gatton Esk Rd virus infected plant in aphid 
proof glasshouse at UQ Gatton campus.   
4.2.3 Multiplication of planting material in the field 
Immediately after cutting, stem cuttings 30 – 35 cm long from the glasshouses were planted 
directly into the multiplication field site at UQ Horticulture Field. Separate plots, about a 
kilometre apart were used for pathogen tested and the infected plants. Irrigation was applied 
daily through overhead sprinklers for the first four days and later applications were done 
when required. After 8 weeks the vine cuttings were taken from these plants for the trial.   
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Table 4.1 Sweetpotato varieties used in this study 
Variety
a 
Origin Marketable yield
b
 (tha
-1
) Description & Characteristics 
 
 
Beauregard 
 
 
USA 
 
 
31.9 PT 
5.6 NPT 
Gold flesh and copper skin with an orange secondary colour 
95% of Australian  sweetpotato production 
Standard high yielding variety across a range of soil types and soil 
conditions 
Susceptible to prolonged waterlogged conditions  
Long thin vine which is undesirable under harsh conditions 
Well-shaped, obovate, chunky, attractive uniform roots with a good flesh 
quality 
19-22%  of root dry matter 
 
 
Northern Star 
 
 
PNG 
 
 
33.8 PT 
25.2 NPT 
 
Purple skin with darker purple secondary skin  
Pale cream flesh and green leaf with purple pigmentation 
Less than 5% of Australian sweetpotato production 
High yielding early maturing 
Susceptible to cracks, deformities and constriction in high N soil 
The oblong storage roots are long and well-shaped 
Vigorous plant, spreads out with long vines with ability to suppress weeds 
Originally called L258 (from the Laloki collection in PNG) 
24-30% of root dry Matter  
 
L49 
 
PNG 
 
No data available 
White flesh and white skin 
Green lobed leaf and stem  
Elliptic shape storage roots in an open cluster  
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LD02 
 
 
Solomo
n 
Islands 
 
 
No data available 
Purple fleshed red skin 
Long irregular or curved roots for young and matured roots 
Green leaves and central leaf lobe 
Purple pigmentation at base of the leaf  
Short-vine variety 
Roots are dispersed  
 
Lola Tonga  
(IB 058) 
 
Tonga 
 
17.6 PT  
7.2 NPT  
Purple flesh and dark red skin 
Narrow and oblanceolate leaf, green with purple stripes of vein 
Red purple roots and long irregular or curved roots  
Short-vine variety and condensed growth 
 
L3 (Higaturu) 
 
PNG 
 
45.9 PT  
42.0 NPT  
White flesh white skin 
Round elliptic shape root 
Roots often in clusters and matured green leaf is triangular and toothed 
 
Vekeoli  
Solomo
n 
Islands 
 
No data available  
Pale purple flesh white skin 
Normally long elliptic shape roots  
Yellow green leaf. Central leaf lobe but less elliptic 
Medium length vine  
 
a
Cultivars are identified by using accession codes of the original donor and/or cultivar names. 
 
b 
Means showing yields in Bundaberg trial (
ab 
Okpul 2011). 
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4.2.4 Virus indexing using Indicator plant and enzyme-linked immunosorbent assay  
 (ELISA) 
Virus indexing using I. setosa was performed at the GRS aphid proof glasshouse to detect 
pre-existing virus infections. Indexing was done a week after planting the trial. Varieties 
tested for virus included the two Solomon Islands’ varieties Vekeoli and LD02, and the 
Australian commercial varieties, Beauregard and Northern Star. Two PNG varieties L3 and 
L49, and one from Tonga, Lola Tonga which had previously tested positive for SPFMV were 
sourced from the DAFF Bundaberg Research Station virus infected collection. The 
techniques outlined by Dennien et al. (2013) were used for I. setosa indicator plant virus 
testing. Two fresh I. setosa seeds were sown without scarification in each 10 cm pot 
containing a pasteurised mixture of fine sand, peat and pearlite, to which slow release 
fertilizer (osmocote) was added. Planting two seeds ensured that there would be a vigorous 
healthy I. setosa on which to graft. Liquid nitrogen fertilizer (aquasol) was also applied 
during the course of the experiment. Glasshouse temperatures were between 25°C to 35°C. 
Grafted I. setosa to I. setosa plants were used as a healthy (negative) control and a known 
infected plant was used as a positive control. Ten I. setosa plants were grafted with two 
sweetpotato scions for each variety grafted with terminal (end cleft) and side (veneer) graft.  
Visual observation commenced seven days after grafting when the first symptoms appeared 
on leaves of I. setosa. The types of symptoms observed are shown in Figure 4.1. Enzyme-
linked immunosorbent assay (ELISA) tests were done six weeks after grafting. Plants 
showing symptoms of possible infection were used as subsamples for each test. I. setosa 
leaves were removed from the plant, ground in buffer solution and blotted onto membranes 
soon after their removal. Sampling was done twice.  The instructions are outlined in the 
International Potato Centre (CIP) kits and Dennien et al. (2013).  The observations made are 
discussed in the results section. PT varieties from the trial were not tested for virus infection 
at the end of experiment. 
4.2.5 Experimental design 
The experiment consisted of two levels of infection (PT and NPT planting material) and 
seven varieties, arranged in a randomized complete block design with three replications. Each 
treatment was allocated a plot (7.5m by 4.8 m) containing three rows 0.8 m apart with 25 
plants in each row planted at 0.30 m intervals.  
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Only the twenty-one middle plants were used for the trial data with a border plants on each 
side. A buffer distance of 1.0 m between plots was used. The plant density was equivalent to 
20,833 plants per hectare.  
4.2.6 Transplanting and crop practices 
All transplanted vine tip cuttings were carefully selected for both the PT and Non-PT plants. 
For the Non-PT treatments of Vekeoli and LD02, vine tip cuttings were selected from the 
inoculated plants. Cuttings 30 cm long were first wrapped in moist hessian bags and stored 
for 24 hours at the post-harvest laboratory. Two to three fully expanded leaves were removed 
from the three nodes on the part of the stem that was buried under ground. Cuttings were 
planted 30 cm apart at about 10 - 15 cm depth.   
Planting was done on 30 December 2011.The experimental site was irrigated daily for the 
first five days after planting to promote early establishment. Irrigation was then applied as 
necessary to maintain moisture levels and applied when required. A plant count was done 
three days after planting and showed 100% survival. During the experiment there were no 
losses.  
A day after planting, the pre-emergent weed controller (Dual Gold- Novartis) active 
ingredient S-Metachlor was sprayed at a rate of 1.5L per hectare. At twelve days after 
planting, a basal application of ammonia sulphate was applied at the rate of 50kgS/ha and 44 
kg N/ha as well as urea at 100 N/ha.  The crop was hand-weeded. 
Foliar growth and virus symptoms on the crop were observed over the entire period of the 
experiment to assess the presence of viruses and the possible spread.  
4.2.7 Sampling 
Sampling was conducted at three growth stages: (a) early harvest (60 DAP); (b) at maturity 
(120 DAP); and (c) late harvest at 220 DAP. 
At the first and second harvest, four plants in the datum row were sampled leaving two plants 
at each end of the row and two adjacent plants as buffers. In the final harvest due to the high 
number of rotten storage roots only eight plants selected at random were harvested. Roots and 
tops (stem and leaf) were both sampled for data analysis. 
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At 60 DAP, the roots were identified and graded through visual observation using the 
classification of Coleman et al. (2006) as follows: Adventitious root - thick white lateral 
roots that develop from the nodes after planting, Initiated roots - adventitious roots that had 
started to develop pigmentation, Setting roots - roots that had developed full pigmentation 
and had not started to bulk i.e.  ≤ 5mm diameter, and Bulking roots - roots that had started to 
form storage root i.e. ≥ 5 mm diameter. At sampling, roots at each of the three nodes were 
sorted according to the above categories.  
At maturity and late harvest, the roots were graded according to the classification of Coleman 
et al. (2006) as marketable roots under the Australian supermarket grade (Table 4.2).  
The weight was used if an individual root could not be distinguished from the nearest grade. 
The undersized and second grade roots were classified as unmarketable roots. 
Table 4.2 Description of the marketable root evaluation method for mature and late harvest 
Grade Dimension (mm) Weight (g) 
 Length                  Diameter  
Small (S) 130 - 180 50 - 60 170 - 310 
Medium (M) 180 - 250 60 -75 310 - 620 
Large (L) ˃ 250 ˃ 75 620 - 860 
Undersize ˂ 130 ˂ 50 63 -170 
Second grade S+ M + L (shape does not meet first grade specification) 
Reject grade Does not meet any of the above specifications 
 
Fresh and dried weight 
 The parameters comprised fresh and dry weight of top growth (vines, petioles and leaf blade) 
and root types, including adventitious roots (A), initiated roots (I), setting (S), and bulking 
(B) or storage roots. 
The roots were washed under tap water to remove any excess soil and left to dry at room 
temperature. Sub-samples of four plants from each plot were sorted according to the root 
types mentioned above. Roots were sorted and measured for fresh weight and dried in an 
electric oven at 70°C.   
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For bulking roots, 100g fresh material was cut into 1 cm cubes and placed in trays to dry. The 
first reading was recorded after 36 hours. The stems were cut 2 cm above the soil surface and 
oven dried at 70°C for dry matter weight. 
4.2.8 Statistical analysis 
The Minitab 16 statistical program was used to determine if there was a significant variation 
among treatments and Tukey’s test to identify differences among means at P =  < 0.05.  Data 
were based on roots and above ground growth at the three different growth stages of harvest. 
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4.3 Results and discussion 
4.3.1 Comparison of detection method  
Samples from cuttings were indexed using Ipomoea setosa and tested for 10 known viruses 
by NCM ELISA. Graft indexed plants had shown symptoms on I. setosa plants (Table 4.3). 
Plants infected with Snowhite grafted plants indicated symptoms on the indicator plant but no 
symptoms were seen on the Gatton Esk Rd inoculated plants. This could be due to the 
random nature of sample collection and distribution of virus throughout sweetpotato plants, 
ie: the variation in distribution of virus (virus titre) and also due to the rapid bulking of 
planting material as the virus may not have had sufficient time to multiply in the plants due to 
rapid plant growth during summer and the relatively short period between inoculation, field 
bulking and trial planting. Another reason may be the inoculation of SPFMV infected Gatton 
Esk Rd plants to Vekeoli and LD02 was unsuccessful in transmitting virus. 
Vekeoli inoculated with SPFMV infected variety “Snowhite” showed a positive reaction for 
SPFMV in the ELISA analysis, and displayed symptoms of vein clearing, and rugosity on the 
indicator plant. The rugosity symptoms are possibly caused by a whitely transmitted Gemini 
virus infection that could have occurred in the field. Varieties Vekeoli and LD02 innoculated 
with SPFMV from variety Gatton Esk Rd showed a negative virus results for both I. setosa 
and ELISA. Beauregard from Bundaberg was detected positive for SPFMV in ELISA and 
showed symptoms on I. setosa consistent with Begomovirus. Northern Star from Bundaberg 
showed signs of Begomovirus infection on I. setosa and produced negative results for 10 
other viruses in ELISA. It is possible that the Northern Star Bundaberg field sample did not 
have a co-infection with SPFMV or that the level of infection was too low to be picked up in 
the ELISA test. 
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Table 4.3 Diagnosis of sweetpotato viruses using graft inoculation of Ipomoea setosa     and 
enzyme-linked immunosorbent assay (ELISA)  
Variety Infection source  Ipomoea setosa symptom ELISA result 
Vekeoli Snowhite ( SPFMV) 
 
 
 
 
Gatton Esk Rd 
(SPFMV)  
Leaf yellowing, vein clearing, rugosity 
and deformed leaf. Young leaves 
curled. 
 
 
Leaves are growing healthy and large   
SPFMV positive 
Gemini virus infection 
indicated by rugosity 
symptoms 
 
 Negative  
LD02 Snowhite (SPFMV) 
 
 
 
Gatton  Esk  Rd 
(SPFMV) 
Leaf chlorotic spots and yellowing, 
rugosity, distortion along the leaf edge 
and slightly cupping.  
 
 
Plants showed extremely small, isolated 
areas of very fine vein clearing 
Negative  but Gemini 
infection indicated by 
rugosity symptoms 
 
Negative  
Beauregard  Bundaberg field sample 
(SPFMV) 
Leaf vein clearing, leaf necrosis, curling 
of younger leaf, leaf rugosity and 
mottling. Distorted, deformed and 
slightly cupped  leaves 
SPFMV positive 
Northern 
Star 
Bundaberg field sample 
(SPFMV) 
Show very little yellowing of leaves. 
Some rugosity and leaf cupping 
Negative  but Gemini 
virus infection 
indicated by rugosity 
and slight leaf cupping 
and yellowing 
(chlorosis) symptoms 
Graft inoculation and ELISA was performed once only and ELISA has shown results for ten 
viruses tested, except for SPFMV where indicated above. 
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Figure 4.2 Symptoms observed on Ipomoea setosa plants grafted with infected source 
sweetpotato plants; (A) Small veinal chlorosis, cupping from Beauregard from Bundaberg 
field source; (B) Small veinal chlorosis and rugosity from Vekeoli Snowhite plant source;  
(C) Chlorotic vein feathering and leaf deformation from Beauregard also from Bundaberg 
field source; (D) Leaf curling and rolling, and (E) Large veinal chlorosis and leaf deformation 
from Vekeoli Snowhite plant source; and (F) large vein clearing and curling from Beauregard  
sourced from Bundaberg. 
A B 
C D 
E F 
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4.3.2 Varietal effects on root and top growth dry weight 
Varietal effects on early root development at 60 days after planting (DAP) 
There were no significant differences for Non-PT and PT for all varieties for the number and 
weight of roots of adventitious + initiated + setting roots (A + I + S) and bulking storage 
roots as well as top growth (Table 4.4). This suggests that virus infection was either low or 
any infection had minimal effects on plant characters at this early stage of development. 
Table 4.3 shows that of the three SPFMV source materials, two (Snowhite and Bundaberg) 
tested positive. This does not show in the data collected (Table 4.4) as no differences were 
observed between PT and Non-PT material. For the variety Vekeoli, field cuttings were 
selected from sources that tested negative for virus infection which means the Non-PT plots 
could have contained a mixture of infected and non-infected plants. There were no obvious 
symptoms on the foliage during the first two months of the trial although the tests had 
confirmed SPFMV and Begomovirus infection for the varieties tested (Table 4.3). Table 4.4 
shows that there were no significant differences for early root growth, number and weight, 
between the varieties. L3 tends to produce more early roots with higher fresh weight than 
other varieties except for L49. Beauregard, Northern Star and Lola Tonga also produced a 
reasonable number of early roots with a higher fresh weight.  
For bulking roots at 60 DAP, Northern Star produced similar roots to Beauregard and LD02 
and significantly more roots than L49, Vekeoli, L3 and Lola Tonga. Despite the fact that L3 
produced fewer bulking roots than Northern Star and LD02, its fresh weight was significantly 
higher than L49, Lola Tonga and Vekeoli but was not significantly different from Northern 
Star, LD02 and Beauregard. This indicated that L3 produced heavier bulking roots at this 
early stage. A similar trend was observed for dry weight of bulking roots where L3, LD02, 
and Northern Star were significantly heavier than Lola Tonga and L49 but not significantly 
different from Beauregard and Vekeoli (Table 4.4).  
Beauregard produced significantly less top growth (stem and leaf) than Lola Tonga but was 
not significantly different from the other varieties. A similar trend is observed in the trial 
discussed in Chapter 5 when Beauregard and Northern Star were compared for early top 
growth.  
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Varietal effects on Marketable and Unmarketable roots at 120 DAP 
At 120 DAP, varieties showed no significant differences between Non-PT and PT for the 
number and weight of marketable roots (Table 4.5). There was a significant difference for the 
fresh weight of non-marketable roots with PT producing twice the weight of Non-PT and a 
trend to higher dry weight though the difference was not significant. The number of non-
marketable roots produced with PT planting material was not different from Non-PT but PT 
produced larger and heavier roots than Non-PT. These results indicate that by 120 DAP virus 
infection was affecting the weight of non-marketable roots presumably by reduction in 
photosynthate (Bryan et al. 2003a). Van Wijmeersch & Guaf (2010) noted a significant 
difference in marketable roots between PT and Non-PT and an overall increase in yield by 
66% for the 28 varieties tested at the National Agricultural Research Institute (NARI) Islands 
Regional Centre – Keravat.  An experimental trial conducted in Bundaberg, Australia, also 
showed a significant difference in total storage yield with an increase of 38% (Okpul et al. 
2011). There was a significant difference in marketable and non-marketable yield for the 
varieties tested. Table 4.5 shows that PT and Non-PT varieties both produced a very high 
yield of non-marketable roots compared to marketable roots. This was also observed in the 
trial done by Okpul et al. (2011).The standard used in both trials was the one for the 
Australian market. However, in the Pacific Islands many of these roots classed as non-
marketable would be sold or eaten.  
At 120 DAP, Northern Star and L49 produced significantly higher stem and leaf dry weight 
than LD02, Vekeoli and Beauregard but were not significantly different from Lola Tonga 
Tonga and L3. Lola Tonga’s top growth dry weight was not significantly different from L3 
and Beauregard but was significantly different from Vekeoli and LD02. The significantly 
higher production of top growth and lower storage root yield suggested less potential of 
leaves to photosynthesize. This would be true for Lola Tonga’s ability to partition storage 
roots but Beauregard demonstrated a greater sink capacity for storage root yield. 
Generally, for each variety the fresh and dry weights of the non-marketable roots tended to be 
higher for PT than Non-PT though the opposite was noted for marketable roots (Table 4.6). 
The roots had grown more quickly than expected and at this age many of the roots were large 
to be marketable.  
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L3 showed a significant difference for non-marketable root yield between PT and Non-PT 
while for top growth PT L49 was significantly higher than Non-PT; which could be due to 
vigorous growth; this may be one of the reasons why virus infection was less pronounced. 
For other varieties with the exception of Northern Star and Lola Tonga the same trend was 
apparent. 
Table 4.7 shows the data for the final harvest at 220 DAP. There was no significant 
difference between Non-PT and PT for root number and weight of marketable yield. For the 
non-marketable root yield, PT varieties yielded significantly higher both for fresh and dry 
weight than the Non-PT, with both plant sources producing approximately three times more 
roots and weight compared to the harvest at 120 DAP. There was no significant difference in 
top growth for both plant sources and were reduced in weights compared with 120 DAP. 
Depending on variety, harvesting between 120 – 160 DAP is recommended to obtain quality 
roots to meet the Australian supermarket standard (Dennien 2012; Traynor 2005). Therefore, 
as expected, at 220 DAP, the storage roots were oversized and unmarketable. The oversized 
roots cracked and formed grooves which decreased their marketability (Figures 4.5 and 4.6). 
The general decrease in marketable roots was also caused by increased levels of rots and 
nematode damage leading to root cracking. LD02 and Lola Tonga naturally tend to produce 
roots that are irregular, curved and twisted reducing the marketability of these varieties are 
shown in Figures 4.5 and 4.6.  
The seven tested varieties produced considerably lower marketable root yields at 220 DAP 
while the opposite occurred with the non-marketable roots. Northern Star produced the 
highest number of marketable and non-marketable roots and heaviest weights compared to 
the others. Northern Star was significantly different from L49 and Lola Tonga for marketable 
root number and weight but was not significantly different from the other varieties. LD02 and 
Beauregard were the second best varieties in terms of their potential to produce marketable 
roots while L49,Vekeoli and Lola Tonga showed the least potential. In terms of non-
marketable roots, Northern Star produced the highest number of roots, which was not 
significantly higher than LD02 but was significantly different from the rest. Their fresh and 
dry weights were only significantly different from L49 but not different from the rest. The 
heaviest root and dry matter content was produced by L3. Top growth of Northern Star had 
greater effect on root number and weight for both non-marketable and marketable roots than 
in other varieties.  
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Overall, L49 was the lowest producing variety while Northern Star produced the highest 
Australian market standard yield followed by Beauregard (Table 4.7). In Table 4.8, at least 
for marketable root weight showed Northern Star being superior to other varieties with a 
notable weight being produced from Non-PT compared to PT types. Beauregard and LDO2 
marketable weight were next  There was a trend for higher dry weight of foliage for PT 
Beauregard than Non-PT compared with other varieties though this was not reflected in virus 
incidence.  
Development of virus symptoms on the foliage of infected plants was not observed during the 
experiment except for Beauregard Non-PT. The symptoms observed on Beauregard were 
chlorotic spots bordered by purple pigmentation (Figure 4.4). This was, however, only 
present in one plot of one replication of the trial. Based on I. setosa and serological detection 
of virus, SPFMV was present in Vekeoli but symptoms did not appear on leaves. 
Symptoms of SPFMV can be mild, transient, or may not appear at all on sweetpotato foliage 
(Clark and Moyer 1988), but its symptoms are induced on I. setosa after grafting (Bryan et al. 
2003).  This was revealed by Gibson et al. (1998) and the different levels of tolerance to 
viruses (Valverde et al. 2007) were influenced by temperature, plant age and light intensity 
(Arrendell & Collins 1986). L3, L49 and Lola Tonga were tested positive for SPFMV in 
2007, 2009 and 2011.   
Other symptoms observed on foliage indicated nutrient deficiency at mid storage root 
development and towards the final harvest. The nutrient disorders observed on foliage growth 
included, zinc and iron in L3 on young leaves, zinc in L49, iron and copper in Vekeoli, and 
iron in LD02. The identification of foliage symptoms were identified using O’Sullivan et al. 
(1997) sweetpotato manual for nutrient disorders. Boron deficiency was also identified 
mainly in Lola Tonga which was another factor contributing to its non-marketable roots 
(Figure 4.3). Boron is commonly found deficient across Gatton soils which may lead to root 
cracking in sweetpotatoes. 
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 Figure 4.3 Boron deficiency on Lola Tonga storage root. 
 
 Fig 4.4 SPFMV symptoms observed in Beauregard at 120 DAP. 
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 Fig 4.5 Misshapen, cracked and curved storage root of Lola Tonga variety showing 
 nematode damage.  
 
 Fig 4.6 Curved and twisted roots, distinct features of LD02 variety. 
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Table 4.4 Effects on root number, weight and top (stem and leaf) dry weight at 60 DAP           
 Adventitious + Initiated + Setting roots  Bulking (storage) root  Top growth (stem & leaf) 
 No Fresh wt (g) Dry wt (g)  No Fresh wt 
(g) 
Dry wt (g)  Dry wt (g) 
NPT 12 16 2.8  18 2593 579  1018 
PT 11 11 2.8  17 2488 525  1012 
          
Variety          
Beauregard 12 10.2 1.6  22 ab 3229 ab 597 abc  867 b 
Northern Star 13 11.4 3.7  31 a 2820 abc 672 a  993 ab 
L49 12 25.4 3.7  8 b 586 d 173 bc  968 ab 
LDO2 8 7.3 1.6  20 ab 3343 ab 696 a  892 ab 
Lola Tonga 12 15 4.1  16 b 965 cd 176 c  1221 a 
L3 16 22 3.5  14 b 4622 a 935 a  1134 ab 
Vekeoli 5 5.9 1.6  13.5 b 2218 bcd 616 ab  1032 ab 
          
Means that do not share a letter are significantly different at P < 0.05 
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Table 4.5 Effects on root number, weight and top (stem and leaf) dry weight at 120 DAP 
 
 Marketable roots 
 
 Non-marketable roots  Top growth (stem & leaf) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 Dry weight 
(g) 
NPT 8 3872 1061  13 4692 b 1267  946 
PT 6 2777 747  12 8259 a 2172  1017 
          
Variety          
Beauregard 11.0  ab 3940 ab 817 ab  14 ab 7883 a 1623 a  860  bc 
Northern Star 11.2  a 6119 a 1811 a  14 ab 4643 b 1374 b  1297 a 
L49 4.5  bc 2370 ab 830 ab  12 ab 4249 b 1487 b  1373 a 
LDO2 6.3  abc 2986 ab 791 ab  9 ab 7707 ab 2042 ab  617 c 
Lola Tonga 4 c 1745 b 377 b  20 a 3414 b 737 b  1083 ab 
L3 6  abc 3426 ab 829 ab  10 ab 12674 a 3067 a  973 abc 
Vekeoli 6  abc 2687 ab 879 ab  8 b 4759 b 1556 b  667 c 
Means that do not share the same letter are significantly different at P <0.05 
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Table 4.6 PT and NPT interaction for marketable and non-marketable roots at 120 DAP.      
 Marketable roots  Non-marketable roots  Top growth (stem 
& leaf) 
Variety× source NO Fresh weight 
(g) 
Dry weight 
(g) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 Dry weight 
(g) 
NPT × BG 15 a 4774 ab 983 ab  18 3312 bc 682 bc  868 bc 
PT × BG 7 ab 3106 ab 640 ab  10 12454 ab 528 bc  852 bc 
NPT × NS 15 a 9050 a 2679 a  17 3270 bc 968 bc  1500 ab 
PT × NS 7 ab 3188 ab 944 ab  11 6017 bc 1781 bc  1095 bc 
NPT × L49 3 b 1092 b 382 b  17 2490 c 872 c  935 bc 
PT × L49 6 ab 3647 ab 1276 ab  7 6007 bc 2102 bc  1812 a 
NPT × LD02 7 ab 3667 ab 971 ab  9 7146 abc 1894 abc  611 c 
PT × LD02 6 ab 2304 ab 610 ab  10 8268 abc 2191 abc  623 c 
NPT × LT 1 b 444 b 96 b  16 2165 c 468 c  1246 abc 
PT × LT 6 ab 3045 ab 658 ab  24 4662 bc 1007 bc  920 bc 
NPT × L3 10 ab 4988 ab 1207 ab  8 9428 bc 2282 bc  850 bc 
PT × L3 3 b 1864 b 451 b  11 15920 a 3853 a  1097 bc 
NPT × VK 5 ab 3090 ab 1010 ab  5 5031 bc 1645 bc  615 c 
PT × VK 7 ab 2283 ab 747 ab  10 4487 bc 1467 bc  719 c 
          
Means that do not share the same letter are significantly differently at P<0.05 
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Table 4.7 Effects on root number, weight and top (stem and leaf) dry weight at 220 DAP  
 Marketable roots 
 
 Non-marketable roots  Top growth (stem 
& leaf) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 Dry weight 
(g) 
NPT 1.4 720 176  35 18308 b 4467 b  1592 
PT 0.4 203 50  42 22816 a 5726 a  1512 
          
Variety          
Beauregard 0.7  ab 284 b 46 b  40 b 25406 ab 4090 ab  1422 ab 
Northern Star 4.0 a 2037 a 586 a  66 a 22620 ab 6514 ab  1770 a 
L49 0.0 b 0.0 b 0 b  23 b 4998 c 1669 c  2024 a 
LDO2 0.8 ab 378 ab 75 ab  45 ab 25806 ab 5161 ab  879 b 
Lola Tonga 0.2 b 101 b 25 b  37 b 13685 bc 3407 bc  1837 a 
L3 0.7ab 385 ab 107 ab  30 b 26973 a 7525 a  1662 a 
Vekeoli 0.1  ab 45 b 13 b  32 b 24449 ab 7139 ab  1269 ab 
 
Means that do not share the same letter are significantly different at P<0.05 
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             Table 4.8 PT and NPT interaction for marketable and non-marketable roots at 220 DAP       
 Marketable roots  Non-marketable roots  Top (stem & leaf) 
Variety× source NO Fresh weight 
(g) 
Dry weight 
(g) 
 No Fresh weight 
(g) 
Dry weight 
(g) 
 Dry weight 
(g) 
NPT × BG 1 ab 503 b 81 b  31 b 25888 ab 4168 ab  1169 ab 
PT × BG 0.3 b 65 b 10 b  49 ab 24925 ab 4013 ab  1675 ab 
NPT × NS 6 a 3203 a 922 a  49 ab 17467 abc 5030 abc  1751 ab 
PT × NS 2 ab 871 ab 251 ab  83 a 27773 ab 7999 ab  1788 ab 
NPT × L49 -0.0 b 0.0 b 0 b  19 b 9276 c 2722 c  2108 a 
PT × L49 -0.0 b 0.0 b 0 b  26 b 7273 bc 2429 bc  1941 ab 
NPT × LD02 1 ab 465 b 93 b  39 ab 25248 ab 5050 ab  786 b 
PT × LD02 0.7 ab 292 b 58 b  50 ab 26364 ab 5273 ab  971 ab 
NPT × LT 0.3 b 201 b 50 b  45 ab 7357 bc 1832 ab  2044 a 
PT × LT -0.0 b -0.0 b 0 b  29 b 20013 abc 4903 ab  1629 ab 
NPT × L3 1 ab 578 b 161 b  36 b 21746 abc 6067 ab  1482 ab 
PT × L3 0.3 b 192 b 54 b  23 b 32202 a 8984 a  1843 ab 
NPT × VK 0.2 ab 91 b 27 b  28 b 27733 ab 8098 ab  1241 ab 
PT × VK -0.0 b -0.0 b 0 b  36 b 21164 abc 6180 abc  1296 ab 
          
Means that do not share the same letter are significantly different at P<0.05 
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4.4 Conclusions  
Yield decline in sweetpotato occurs worldwide and is invariably associated with virus 
infection. Previous studies showed yield loss is due largely to infections caused by viruses. 
Pathogen tested crops produce significantly higher yields than virus infected plants.  This 
study on seven sweetpotato varieties recorded no significant differences between PT and 
Non-PT for the marketable yield but for non-marketable yield an overall significant increase 
was observed at 120 DAP and 220 DAP. In all the varieties an increase in the production of 
non-marketable storage roots was observed by using PT material, though not always 
significant, except for Vekeoli at 120 and 220 DAP and Beauregard at 220 DAP. This is an 
important factor considering that many of the roots classified as non-marketable with the 
Australian market standard would be sold or eaten in PNG and other Pacific countries. 
 The marketable storage root production declined as the crop grew older but the opposite 
trend occurred for the non-marketable yield with an increase of up to three times higher in the 
final harvest at 220 DAP compared to the roots harvested at 120 DAP. The marketable 
storage root quality was affected by various factors such as nutrients applied, whether roots 
were affected by herbicide treatment pre planting, nematode infection and higher than 
average rainfall. The presence of SPFMV, however, may have been low in Vekeoli and LD02 
which may have attributed to the young root and storage root development. The top growth 
has reached close to its maximum at 60 DAP with minimal growth gained as the crop grew 
older.  
Monitoring virus infection in the field was an important aspect of the trial to give details of 
infections which could affect the storage root yield. Infections were difficult to detect as 
SPFMV can be mild, transient, or may not appear at all on sweetpotato foliage. Except for 
Beauregard in which clear foliar symptoms were observed. However, virus-indexing by 
Ipomoea setosa and ELISA confirmed the presence of SPFMV.  I. setosa showed symptoms 
which were not induced in the field in Northern Star and LD02. An infected I. setosa leaf is 
very distinct from a healthy normal I. setosa . SPFMV was the only virus found present in the 
crop detected by ELISA, however symptoms on I. setosa indicated begomovirus infection in 
Beauregard, Northern Star, Vekeoli and LD02 samples in the trial. The symptoms observed 
on I.seotsa were leaf deformation, chlorosis and bright veinal chlorosis for SPFMV; leaf 
cupping, curling and rugosity for begomovirus. Both methods of detection are important in 
testing for sweetpotato viruses that are inhibitory to storage root production.  
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Major soil nutrients and trace elements are equally important as deficiencies affect normal 
plant growth triggering foliage symptoms causing an inability to produce quality and 
sufficient storage root yield.  
The foliage symptoms of trace element deficiency were found on L3, L49, Vekeoli, and 
LD02 on a few leaves in the trial but the extent of its effects on storage yield is not known. 
Lola Tonga roots were found to have cracking which was due to lack of boron preplant 
application. 
Northern Star, Beauregard, L49, Lola Tonga and L3 produced a reasonable number of early 
roots. Solomon Islands varieties Vekeoli and LD02 were later producing varieties. Compared 
to L3 and Vekeoli, Northern Star produced more marketable roots as the young Northern Star 
roots grew thicker with the varieties high foliage development. Lola Tonga foliage 
development was highest at the early stage whilst L3 produced a few bulking roots that were 
heavier than in the other varieties.   
At the later harvest, Northern Star produced the highest number of marketable and non-
marketable roots and weights compared with the other varieties. LD02 and Beauregard were 
the second best varieties in terms of their potential to produce marketable roots while L49, 
Vekeoli and Lola Tonga had the least potential. Northern Star utilized its top growth 
photosynthates for its storage root development but low partitioning of storage roots was 
observed in L49 and Lola Tonga. Overall, L49 was the lowest producing variety while 
Northern Star had the greatest potential to produce a high Australian market standard yield 
followed by Beauregard.  
Other factors that contributed to a general decrease in marketable and non-marketable roots 
were rots and nematode damage especially at a later stage of the crop. The typical root shape 
of LD02 and Lola Tonga is unsuitable for sale at Australian supermarkets.  
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CHAPTER 5 
THE EFFECT OF PLASTIC MULCHES ON EARLY ROOT DEVELOPMENT OF 
TWO COMMERCIAL SWEETPOTATO CULTIVARS 
5.1 Introduction 
The sweetpotato storage root is the main economic portion of the plant. Initial root 
establishment and growth determines the final yield. However, depending on the 
environmental conditions, initial root development varies, thus influencing the number and 
quality of storage roots (Pardales et al. 1999). Of particular importance are the environmental 
conditions relating to soil temperature at early growth stages (Belehu & Hammes 2004). Soil 
temperature plays a key role in early root development (Belehu & Hammes 2004; Villordon 
et al. 2011), the physio-chemical properties of sweetpotato starch (Toyama et al. 2003), and 
influences stem and leaf growth (Kano & Ming 2000; Pardales et al. 1999). 
Sweetpotato is widely grown in the tropics, sub- tropics and warm temperate regions of the 
world, but essentially it is a warm weather crop (Onwueme 1978b). The optimum 
temperature range has been reported as 24°C to 30°C for promoting early root establishment 
(Pardales et al. 1999; Villordon et al. 2011). This may also favour uniform root development 
at optimum moisture levels (Belehu 2003). Sweetpotato is sensitive to cooler temperature and 
does not tolerate frost. At less than 15°C, its survival is rare and growth is stunted (Harter & 
Whitney 1926). The optimum growth occurs between 15°C and 35°C, and becomes 
depressed at 38°C. Pardales et al. (1999) found that increased soil temperature (40°C) in the 
root zone or higher can result in overall reduced length and development of adventitious roots 
which ultimately had greater implications on roots at deeper nodes. Sato (1981) has claimed 
high temperature is inhibitory to storage tubers of potato (Solanum tuberosum). 
Sweetpotato storage root yields vary among cultivars due to the duration and rate of growth. 
For example high yielding cultivars have a high bulking rate over a longer period compared 
to intermediate to low yielding cultivars which have a high bulking rate for a short duration 
or low bulking rate for a longer period. A high bulking rate has also been investigated for late 
bulking cultivars (Ravi et al. 2009). Sweetpotato cultivars may react differently to 
temperatures outside of the optimum range; it was of interest to determine this for the two 
cultivars tested in this experiment.  
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Studies of high soil temperature have found negative impacts on initial root establishment 
which affirms that although sweetpotato is a warm loving crop, high soil temperature is 
detrimental to storage root formation. Earlier studies (eg. Coleman et al. 2006) have collected 
some data related to soil temperature but it was not analyzed due to unreplicated treatments 
(Coleman et al. 2006). In other literature, it is evident that the information is limited due to 
crops being grown in shorter growing seasons. The information gathered, therefore, will help 
to address the issue of increasing soil temperature under field conditions in the tropics. Given 
the fact that the crucial stage of growth of sweet potato is between 1 to 7 days after planting  
(Coleman et al. 2006; Hill et al. 1984), options for use of mulches are very crucial. This study 
examined the benefits of using two plastic mulches compared with bare soil for 42 days 
under field conditions.   
The aim of this experiment was to investigate the effect of high temperatures created by 
different mulches on the growth and development of roots of Beauregard and Northern Star 
cultivars under field conditions. 
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5.2 Materials and methods 
5.2.1 Location of experiment site 
This experiment was done at the University of Queensland (UQ), Gatton Campus 
Horticulture Field Station from 21 December 2012 to 1 February 2013. The site is located at 
27° 35' S and 152° 23' E. The soil type at the field site is an alluvial fine sandy clay loam.    
5.2.2 Preparation of planting material  
Two commercial varieties, Beauregard and Northern Star tested to be virus free, were used in 
this experiment. These plants were multiplied at the Horticulture farm site to produce vine 
cuttings that were used in the experiment. 
Placing of 25 micron plastic mulch (black and white plastic) was done using a specialist 
tractor implement. The plastic mulch covering the surface was 1.0 m wide. The edge of the 
plastic was neatly buried along the edges. T-Tape Drip Tape was also placed at the centre of 
the bed at about 3-4 cm below the soil surface.  
The vine (stem) cuttings were prepared 24 hours before planting. Healthy cuttings 30 cm long 
were selected for this experiment. Two to three fully expanded leaves were removed before 
the cuttings were wrapped in wet hessian –bags and kept under ambient conditions for 24 
hours at the postharvest laboratory. Selected vines had three nodes that were within 15 cm 
from the base. These nodes were buried under the soil at planting.  
5.2.3 Preparation of bed 
Each plot was 6.9 m by 4.8 m with 1.5 m buffer distance between plots. A plot consisted of 3 
rows, containing two guard rows and a centre data row. The distance between each row was 
1.2 m apart. Each bed size was 0.6 m wide with or without mulch.  
5.2.4 Transplanting of vine cuttings 
Healthy cuttings were transplanted in the field on 21
th
 December 2012. Flat shape planting 
orientation was used to enhance quality yield potential (Coleman et al. 2006).Vine cuttings 
were placed 30 cm apart at a depth of 5 to 10 cm to ensure that three nodes were buried under 
soil. The plants were planted at the centre of the bed 5 cm away from the tape. The beds were 
irrigated in the previous evening about 15 hours before planting.  
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This ensured ease of planting and adequate moisture supply to promote rapid and uniform 
root establishment (Belehu & Hammes 2004; Coleman et al. 2006). Each plant was close to 
the dripper position 30 cm apart. Each plot consisted of 69 plants, 23 plants each row. The 
plant spacing was equivalent to 20,833 plants per hectare. Stand counts were conducted after 
three days and before each sampling time. Plant stands were 100% for the whole period. 
Figure 5.1 Flat shape orientation planting technique. 
 
 
 
 
5.2.5 Soil temperature measurements 
Fifteen (15) tiny tag plus unit (Hastings Data Loggers) were placed at 5cm and 10 cm depth 
after plating, in replications one and two. The depths were precisely marked using a marked 
rod. The loggers were wrapped in plastic to avoid water contact and the cables were covered 
with soil to protect them from being damaged by hares and rodents.  
Under the plastic mulch, an opening was carefully dug from beneath the mulch to permit the 
tiny tag sensor to be buried. Then the edge of the mulch was gently covered to avoid external 
air interference. Each data logger was placed at the centre of datum row adjacent to the 
twelfth plant. An additional six loggers, not available at the start of the trial were placed in 
replication three on 6 January (16 DAP) until the end of the trial. 
The loggers were monitored and observed every three days to ensure that data were being 
recorded. The temperature readings were automatically recorded every 30 minutes 
throughout the duration of the experiment. At the end of each sampling interval the loggers 
were removed from the field and data were downloaded to the computer to be collated and 
analyzed.  
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5.2.6 Irrigation   
Irrigation was applied through t-tape irrigation (John Deere Water). Each bed had a single t-
tape that went through the entire length of the plots. Irrigation occurred at least once every 
week over six weeks to ensure that the crop received adequate soil moisture (Table 5.1). The 
natural rainfall also determined the watering day interval for each week.  
Table 5.1 Irrigation application and rainfall record for the trial 
Experimental duration 
(week) 
Irrigation application 
(mm) 
Rainfall 
(mm) 
Before planting 23  
1 and 2 57 27 
3 and 4 57 11.5 
5 and 6 28 272 
Total 165 310.5 
 
5.2.7 Weed control 
Manual weeding was conducted to minimise the impact of weeds in this experiment. The 
crop was hand-weeded weekly from the second week until the sixth week when weed 
invasion was less problematic due to leaf canopy closure. 
5.2.8 Experimental treatments 
The experiment consisted of six treatments, arranged in a randomised complete block design 
with each treatment replicated three times. The treatment included three mulch types and two 
sweetpotato cultivars (Northern Star and Beauregard). The three-row plot was used to 
minimise border effects (Walker & Randle 1987). 
5.2.9 Sampling  
Plants were selected at random from the centre row (datum row) and two plants at each end 
of the centre row were buffers. In addition, plants immediately adjacent to the three 
destructively sampled plants were excluded from any later harvesting (Figure 5.2). Five 
plants were sampled from the group of three plants at any single harvest. 
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Figure 5.2 Diagrammatic representation of a single plot showing the layout and sampling 
patterns within the plot for each sampling time. 
6.9 m  
 
X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X 
  
         X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X  X   X   X   X   X   X     
4.8 m 
X   X   X   X   X  X  X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X   X
  
                                                                                                                           
X  X  X  X Buffer rows or plants    X  X  X Three sample plants randomly selected one from 
any one set for data measurements      X  Every fourth plant between the destructive plants 
was excluded from the sampled plants. 
5.2.10 Root, stem & leaf sample 
Sampling was conducted at three growth stages: (a) early growth (14 days after planting); (b) 
28 days after planting; and (c) 42 days after planting. Dates of sampling were on 4 January, 
18 January and 1 February 2013. 
Roots were identified and graded through visual observation using the classification of 
Coleman et al. (2006) as outlined in the materials and method of Chapter 4. 
At sampling, roots at each of the three nodes were sorted according to the above categories. 
Removal of roots from the bed was done manually. 
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Cleaning and washing  
The roots that were attached to the underground stem were gently washed under a tap to 
remove any excess soil. After washing, the roots were left to dry at room temperature. 
Samples of five plants from each plot were sorted according to the root types mentioned 
above. Fresh weight for each root type was measured: then they were dried in an electric 
oven at 70°C. At 42 DAP, storage roots were cut into 1 cm cubes and placed in trays to dry. 
The first reading was recorded after 24 hours. 
Top growth 
The parameters comprised: fresh and dry weight of top growth (vines, petioles and leaf 
blades) and, all root types including adventitious, initial roots, setting, and bulking roots. 
The top growth included, leaf and petiole. The stem of each sample plant was cut 2 cm above 
the soil or mulch surface and placed into a paper bag for drying. Fresh weight was recorded 
immediately after harvesting for each plant. 
Each sample was oven dried at 70°C for 36 hours before dry weight was recorded. Each 
sample was recorded twice and an average of five samples was calculated for each plot for 
each harvest.  
5. 2.11 Statistical analysis 
An analysis using the Minitab 16 statistical program was conducted to determine significant 
variation among treatments and Turkey’s test was used to test differences among means at P 
˂ and = 0.05.  
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5.3. Results and discussion 
5.3.1. Effect of high soil temperature on mulch, variety and soil depth 
High soil temperature influences the development and growth of adventitious root and the 
formation of other roots that give rise to bulking or storage root. Soil temperatures from day 1 
to 42 days after planting were recorded for possible effects on growth of the adventitious, 
initiated, setting and bulking roots.  
Effect of maximum temperature from 0 to 14 days 
Analysis of the temperature results using maximum temperature data showed that the higher 
the ambient temperature, the higher was the temperature difference between black and white 
plastics mulch. Bare soil and white plastic mulch always showed lower soil temperature than 
black plastic mulch though not always significantly so. Whilst maximum temperature of 
plastic white mulch tended to be lower than black plastic mulch and to a lesser extent bare 
soil, 3 out of 14 days were significantly different. There was no cultivar effect noted for 
maximum temperature but the temperature at 5 cm was greater than 10 cm for all days though 
for only 2 days, were they significantly different. This was expected because depth 
temperature changes are buffered by the soil (Gote et al. 2009) (Table 5.2). 
Effect of maximum temperature from 16 to 28 days 
Black plastic mulch produced temperatures greater than white plastic (11 out of 13 days), but 
only 5 days were significantly different (Table 5.2). Also black plastic produced temperatures 
higher than bare soil (9 out of 13 days), though only 2 days were significantly different. Bare 
soil has temperatures similar to white plastic (10 out of 13 days), but only the 4 hottest days 
were significantly different. Thus black plastic mulch results in higher maximum 
temperatures than bare soil which in turn, has higher temperatures than white plastic mulch. 
Black plastic would absorb the most radiation followed by the dark coloured bare soil while 
white plastic would reflect the most radiation (Lamont 2005; Schales & Sheldrake 1963). The 
difference in temperature between black and white plastic is greater (up to 6°C) on days with 
higher ambient temperatures. Temperatures for Beauregard were greater than for Northern 
Star (9 out of 13 days) but only 1 was significantly different, while the other four days were 
the same.  
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Thus, the greater foliage cover produced by Northern Star compared with Beauregard 
appeared to have some ameliorating effect even at this early stage of 15 to 28 days of growth. 
As for the 0 -14 day period, temperature at depth of 5 cm was greater than for 10 cm with 8 
out 13 days  significantly different (Table 5.2).  
Effect of maximum temperature from 29 to 42 days 
From 29 to 42 days, some trends as were found for the 15 to 28 day period were also 
observed but others were different. Black plastic mulch produced higher maximum soil 
temperatures than white plastic mulch (10 out of 13 days) with 5 out of 13 days were 
significantly so while temperatures for 3 out of 13 days were the same. Maximum 
temperatures under black plastic mulch were higher than bare soil (5 out of 13 days, but only 
2 days significant) and less than bare soil (5 out of 13 days but only 2 significant) with 3 out 
of 13 days the same. Thus, it can be concluded that overall there was no difference between 
black plastic and bare soil which is in contrast with the results found for the 15 – 28 day 
period. Part of this effect may be due to the lower ambient temperatures in the last 10 days of 
the 29 to 42 day period (Appendix 4) but more relevant may be that the greater foliage cover 
on all surfaces at this stage of crop growth was such to reduce differences among them. 
Temperature of white plastic mulch was less than bare soil (9 out of 13 days, 7 significantly 
so); interestingly, increased foliage cover did not reduce the difference between bare soil and 
white plastic. 
The cultivar effect shows that temperature under Beauregard was greater than for Northern 
Star with 12 out of 13 days significantly different by 1 to 3°C higher due to greater foliage 
cover of Northern Star at this stage of crop. Table 5.3 and Figure 5.4 show that Northern Star 
had significantly higher fresh weight and dry weight than Beauregard for all measurement 
times. It is of interest to note the greater foliar development in Northern Star than 
Beauregard. Previous studies on Beauregard had shown it produced less stem and leaf dry 
matter than other varieties (Lewthwaite & Triggs 2000; Ristaino 1993) and Chapter 4. Lower 
temperatures from day 5 onwards were observed for the period 29 to 42 days (Table 5.2) due 
to rainfall (Appendix 5). As for the previous two measurement times, temperatures at 5 cm 
were greater than at 10 cm where 9 out of 13 days were significant higher, one day was 
significantly lower, and 3 days were the same (Table 5.3). The trend to general temperature 
decrease trend for the depths at 28 days and 42 days was also due to increase foliage 
development that reduced the radiation incident on the beds surface (Figure 5.4 and 5.5). 
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Table 5.2 Effect of mulch, cultivar and root depth on soil temperature at 14 day harvest 
 
Soil temperature on 14 day harvest 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Harvest 14 day 
              Mulch  
Black Plastic 30 a 35 a 35 a 40 33 a 38 37 39 a 36 a 34 36 40 38 38 
White Plastic 28 ab 30 ab 32 ab 38 29 b 31 31 32 b 31 b 30 31 33 33 33 
Bare soil  27 b 29.9 b 30 b 33 29 b 34 35 37 ab 34 ab 31 32 37 36 36 
Cultivar 
              Beauregard 28 32 32 36 30 34 34 35 34 31 34 36 35 36 
Northern Star 28 32 32 37 30 35 35 36 34 32 33 37 36 36 
Depth 
              5 cm  29 33 34 a 39 31 36 36 38 35 a 32 34 39 37 37 
10 cm 28 30 31 b 35 29 32 32 34 33 b 30 32 35 34 34 
                              
 
Table 5.3 Effect of mulch, cultivar and root depth on soil temperature at 28 day harvest  
 Soil temperature on 28 day harvest 
 16 17 18 19 20 21 22 23 24 25 26 27 28  
Harvest 28 day 
              Mulch 
              Black Plastic 32 a 34 a 37 a 40 a 39 a 38 38 39 34 31 33 34 36 
 White Plastic 29 b 30 c 32 b 34 b 35 b 35 36 36 34 31 32 32 35 
 Bare soil  30 b 32 b 36 a 38 a 38 a 36 37 39 33 31 32 34 36 
 Cultivar 
              Beauregard 31 32 36 38 38 a 37 37 38 34 31 32 34 36 
 Northern Star 30 31 35 37 36 a 36 36 38 34 31 32 33 35 
 Depth 
              5 cm  31 33 a 37 a 39 a 38 a 39 a 39 a 40 a 34 32 34 35 38 a 
 10 cm 30 31 b 34 b 36 b 35 b 35 b 35 b 36 b 33 30 31 32 33 b 
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Table 5.4 Effect of mulch, cultivar and root depth on soil temperature at 42 day harvest 
 
Soil temperature on 42 day harvest 
  29 30 31 32 33 34 35 36 37 38 39 41 42 
 
Harvest 42 day 
             Mulch 
              
Black Plastic 37 a 35 a 31 a 32 a 33 b 30 27 a 26 25 a 25 b 
29 
ab 
29 
ab 
28 
ab 
 
White Plastic 34 b 32 b 30 b 30 b 31 c 29 
27 
ab 25 
25 
ab 25 b 27 b 27 b 27 b 
 Bare soil  36 a 35 a 31 ab 33 a 35 a 29 26 b 26 24 b 27 a 29 a 30 a 29 a 
 Cultivar 
              Beauregard 36 a 35 a 31 a 33 a 34 a 29 a 27a 26 a 25 26 a 30 a 30 a 30 a 
 Northern Star 34 b 33 b 30 b 31 b 32 b 28 b 26 b 25 b 25 25 b 27 b 27 b 27 b 
 Depth 
              5 cm  37 a 35 a 31  a 33 a 35 a 29 27 26 24 b 26 a 29 a 30 a 29 a 
 10 cm 34 b 32 b 30  b 30 b 31 b 29 27 26 25 a 25 b 28 b 28 b 28 b 
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5.3.2. Mulch effects on root and top growth of varieties 
Results for the effect of mulch type on the effects of roots on roots and top (stem and leaf) of 
varieties are given in Table 5.5. The observations are presented in the manner which the roots 
grew and developed. Based on this study, the adventitious roots developed into two root types 
which are differentiated by less obvious pigmentation of the initiated root rise whilst setting 
roots are fully pigmented roots. As the setting roots enlarge, they develop into bulking or 
storage root.  
14 days harvest 
At 14 days harvest Beauregard had significantly higher adventitious root fresh weight than 
Northern Star. There was no difference in the other measurements of root development. This 
may indicate the potential of Beauregard to produce early adventitious roots even though 
foliage development (both fresh and dry weigh) was less than for Northern Star. It is difficult 
to explain why the dry weight of adventitious roots for Beauregard was not also higher but 
may be due to plot variability.  
28 days harvest 
There was no significant difference for both cultivars among the adventitious root but there 
was a trend for Northern Star to have more adventitious roots than Beauregard (30 vs 25). 
Northern Star produced significantly greater numbers of both initiated and setting roots than 
Beauregard. Beauregard appeared not to have any increase in root numbers from initiated to 
setting roots whereas for Northern Star, the increase was from 30 for adventitious roots to 44 
for setting roots. The total number of roots (A + I + S) was significantly higher for Northern 
Star, the increase was from 30 for adventitious roots to 44 for setting roots. Coleman et al. 
(2006) suggested Beauregard at 28 DAP did not necessarily respond to increase heat by 
producing unthickened roots but generated bulking roots that are deformed and bent. A 
similar sentiment for Beauregard was claimed by Australian farmers that poor vine roots had 
been produced under high ambient temperatures (Hughes & Dennien 2013 pers. comm. 15 
June).  The total number of roots (A + I + S) was significantly increased for Northern Star 
(113) and Beauregard (67). There was no difference in fresh or dry weight of the different 
root types except for dry total root weight (A + I + S) in which case Northern Star was 
heavier than Beauregard. Completely different results were observed for bulking roots for the 
28 day harvest.  
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Beauregard produced 17 roots compared to 0 for Northern Star and obviously higher fresh 
and dry weights. Thus, although Beauregard did not produce as many A + I + S roots as 
Northern Star, it produced more of the bulking roots which develop into storage roots which 
are most valuable economically. There was also a significant difference for stem and leaf 
fresh and dry weight with Northern Star nearly doubling that of Beauregard (Table 5.5). It 
appears that Northern Star partitioned more dry matter into leaf and stem material as well as 
into initiated and setting roots but not into bulking root formation at 28 DAP (Table 5.3). 
42 day harvest 
At the 42 day harvest, there was no significant difference between cultivars for roots weight 
and number of adventitious roots. However, for initiated roots, Northern Star produced more 
roots and dry weight. For the setting roots, Northern Star was significantly higher for the 
fresh weight, dry weight and the number of roots than Beauregard. Interestingly Northern 
Star showed a large increase in setting roots compared to Beauregard (19 to 90 compared to 
11 to 35 respectively) (Table 5.4).  
 The combination of all three root types together (A + I + S) also showed a similar trend with 
Northern Star significantly higher in fresh weight, dry weight and number than Beauregard.  
Northern Star produced almost 2.5 times the number of roots than Beauregard. However, as 
for the 28 day harvest, for bulking roots, Beauregard produced significantly higher fresh 
weight, dry weight and the number of roots than Northern Star (46 compared to 16). This has 
indicated the ability of Beauregard to transform more of the setting roots into bulking roots 
than Northern Star. For example, Beauregard (35 to 46) compared to Northern Star (90 to 16) 
(Table 5.5). Also bulking roots for Beauregard were significantly heavier than Northern Star. 
Thus, Beauregard cultivar has much greater ability to partition dry matter into the production 
of storage roots. This indicates a marked difference in performance of these two varieties 
(Table 5.4). 
Northern Star accumulated more foliage growth than Beauregard and this has encouraged 
formation of early root system. While Beauregard appeared to grow without much increase, 
this may suggest loss of roots due to tissue death and disintegration as the plant growth 
advanced during its establishment period (Pardales et al. 2000). In this case it was more 
apparent within 28 days of growth (Table 5.3).  
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It has been earlier reported by (Pardales & Belmonte 1989), that under normal growing 
conditions, fibrous roots (leading to formation of adventitious, initiated and setting roots 
which are differentiated by colour pigmentation and which then enlarge to produce bulking or 
storage roots) follow an increasing and then decreasing trend as they grow to maturity. This 
ensures a balanced growth for the sweetpotato crop.  
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Table 5.5 Cultivar effect on root number and top (stem and leaf) growth 
Cultivar Adventitious root (A) Initiated root (I) Setting (s) A + I + S Bulking root (B) Top (stem + leaf) 
  FWT 
(g) 
DWT 
(g) 
No   FWT 
(g) 
DWT 
(g) 
No   FWT 
(g) 
DWT 
(g) 
No   FWT 
(g) 
DWT 
(g) 
No   FWT 
(g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
Harvest 14 
day 
                      
Beauregard 1.0 a 0.3 27  0.8 0.4 18      1.8 0.7 45      155 b 23 b 
Northern 
Star 
 
0.7 b 0.3 26  0.7 0.3 19      1.4 0.6 45      226 a 30 a 
Harvest 28 
day 
                      
Beauregard 4.5 0.7 25  6.2 1 21 b  18.3 3.3 21 b  29 4.3 b 67 b  87 a 13 a 17 a  1721 b 155 b 
Northern 
Star 
3.7 0.7 30  9.1 1 39 a  21.9 2.5 44 a  35 5.6 a 113 a  0 b 0.0 b  0.0 b  2797 a 227 a 
                                           
Harvest 42 
day 
                      
Beauregard 0.9 0.2 8  2 0.3 b 11 b  24 b 4 b 35 b  26 b 4.0 b  54 b  913 a 131 a  46 a  6450 b 552 b 
Northern 
Star 
 
1.1 0.1 13  2.7 0.6 a 19 a  74 a 18 a 90 a  78 a 18.5 a 121 a  64.7 b 13.0 b 16 b  10653 a 956 a 
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Table 5.6 Mulch effect on root growth, number and top (stem and leaf) growth 
Mulch Adventitious roots 
(A) 
 Initiated root   
(I) 
Setting root  
(S) 
A + I + S Bulking root  
(B) 
Top (leaf + stem) 
 FWT 
(g) 
DW
T (g) 
No  FWT 
(g) 
DW
T (g) 
No  FWT 
(g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
No FWT 
(g) 
DWT 
(g) 
Harvest 
14 day 
                     
Black 
plastic 
0.9 0.3 30  0.7 0.3 19      1.5 0.6 49     222 a 29 
White 
plastic 
0.9 0.3 27  0.9 0.5 22      1.8 0.7 49     187 ab 27 
Bare soil 0.8 0.3 23  0.7 0.4 16      1.5 0.7 39     163 b 23 
                      
Harvest 
28 day 
                     
Black 
plastic 
5.1 0.8 31  9.5 1.9 34  20.6 2.7 33  35.2 5.4 98  4 b 1 b 1 b 2741 a 222 
White 
plastic 
3.6 0.6 26  6 1 26  20 2.9 34  29.6 4.4 86  91 a 13 a 14 a 2199 ab 179 
Bare soil 4 0.7 27  7.7 1.3 30  19.8 3.1 30  31.4 5 87  36 ab 5 ab 9 a 1836 b 173 
                      
Harvest 
42 day 
                     
Black 
plastic 
0.8 0.1 9  2.4 0.4 18  55.7 a 11.8 a 73 a  59 12.4 a 100 a  304  b 45 b 23 9267 833 
White 
plastic 
1.2 0.2 11  2.8 0.5 18  44.4 b 9 b 61 ab  48.4 10 b 90 ab  528  a 78 ab 33 8588 748 
Bare soil 1 1 9  1.7 0.3 10  47 ab 11.3 ab 54 b  50 12 ab 73 b  636 a 96 a 38 7798 679 
                      
Sample mean of 5 plants per plot  
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Table 5.7 Effect of mulch and cultivar interaction on root growth and number 
 Adventitious root 
(A) 
 Initiated root (I)  Setting root (S)  A + I + S  Bulking root (B)  Top (stem + leaf) 
  FWT 
(g) 
DWT 
(g) 
No  FW
T (g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
No  FWT 
(g) 
DWT 
(g) 
No  FWT (g) DWT (g) 
Harvest 
28 day 
                      
BP × BG                 8 b 1 b 3 b    
BP × NS                 0.0 b 0.0 b 0.0 b    
WP × BG                 181 a 25 a 28 a    
WP × NS                 0.0 b 0.0 b 0.0 b    
BS × BG                 71 ab 11 ab 19 a    
BS × NS                 0.0 b 0.0 b 0.0 b    
                       
Harvest 
42 day 
                      
BP × BG 0.5 0.1 5.3  2.7 0.4 17 ab  35 b 6 c 50 b  38 b 6 c 73 bc  572 b 83 b 37 ab  7577 ab 636 abc 
BP × NS 1.1 0.2 14.3  2.2 0.4 18 ab  76 a 18 ab 95 a  80 a 19 ab 127 a  36 c 7 c 8 b  10961 a 1031 a 
WP × BG 1.2 0.1 8.7  1.8 0.2 10 b  22 bc 3 c 35 b  25 bc 4 c 54 c  994 a 140 ab 50 a  6532  b 581 bc 
WP × NS 1.2 0.3 13.3  3.8 0.8 25 a  67 a 15 b 87 a  72 a 16 b 126 a  61 c 12 c 16 b  10643 a 917 ab 
BS × BG 0.9 0.2 8.7  1.5 0.2 6 b  14 c 2 c 20 b  17 c 3 c 35 c  1174 a 1701 a 52 a  5241 b 439 c 
BS × NS 
 
1 0.2 10  2 0.5 14 ab  79 a 20 a 87 a  83 a 21 a 111 ab  98 c 20 c 8 b  10356 a 919 ab 
Mulch types: BP:- Black Plastic, WP:- White Plastic, BS:- Bare Soil    Cultivar: BG:- Beauregard, NS:- Northern Star  
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5.3.3 Effects of mulch on root growth and number 
Table 5.6 shows the effects of mulch on roots and top (leaf and stem) growth at all harvest 
times.  
14 day harvest  
There was no significant difference between the mulches for all the root types, but there was 
a general trend for root numbers in bare soil to be less than those under black and white 
plastic mulches. There were no significant effects on fresh or dry weights of any root type. 
The soil high temperatures shown in Table 5.6 produced by black plastic mulch and white 
plastic mulch encouraged early initiation of adventitious roots and initiated roots. This 
demonstrated the sensitivity of adventitious root to higher soil temperature (Pardales 1999). 
Higher temperatures for black plastic mulch appeared not only to promote the development 
of adventitious and initiated roots, but also significantly increased stem and leaf fresh weight 
which was significantly higher than for bare soil with white plastic mulch intermediate and 
not significantly different from either (Table 5.6). Higher temperatures for black plastic 
mulch promoted growth of stem and leaves. This would also agree with Pardales (1999), who 
also found that high soil temperature exhibited a significant increase in leaf number and shoot 
(but excluding stem) and Aniekwe (2004) claimed a significantly improved growth of 
cassava (Manihot esculenta) under black plastic mulch. There was no difference in leaf and 
stem dry weight for both mulches although black plastic mulch tended to have higher dry 
weight than bare soil or white plastic mulch. 
28 day harvest 
Results for the 28 day harvest were similar to those at 14 days. However, at the 28 day 
harvest, there was a trend for the mulch to have similar numbers of A, I and S roots as bare 
soil. There were no significant differences for adventitious, initiated and setting roots. The 
higher temperatures under black plastic did not appear to have influenced the development of 
these early root types. However, for the storage roots this is not the case. Number and weight 
of storage roots produced under plastic black mulch was significantly lower than white mulch 
with bare soil intermediate and not different from either. As bare soil tended to have lower 
maximum temperature than black plastic, and white plastic mulch tended to be lower than 
bare soil, it appears that storage roots respond poorly to increased soil temperature in contrast 
to the earlier developed roots.  
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Thus white plastic mulch was shown to be beneficial to the development of storage roots at 
this growth stage. The improvement of white plastic mulch could be due to sunlight 
reflectance from the mulch surface (Rajablariani et al. 2012) found the use of coloured plastic 
mulch that reflects light which had a significant effect on growth of tomato and its dry matter 
yield. Sato (1981) claimed high soil temperature inhibits storage root development of 
Solanum tuberosum; this was verified in the present study. 
 As was found for the 14 day harvest, the stem and leaf fresh weight for black plastic mulch 
was higher for black plastic mulch than bare soil with white plastic intermediate (Table 5.6). 
Thus higher temperatures promoted more top growth though it is difficult to explain why the 
growth for white plastic mulch was intermediate when temperatures were found to be lower 
than for either bare soil or black plastic mulch.  
42 day harvest 
There was no significant difference among the adventitious and initiated roots for weight or 
number.  However, for setting roots, black plastic mulch was found to have produced 
significantly higher fresh and dry weight than white plastic mulch with bare soil intermediate; 
this may be attributed to the higher temperatures for black plastic mulch and bare soil 
compared to white plastic mulch. However, root number for black plastic mulch was 
significantly higher than for bare soil with white plastic mulch intermediate; this is difficult to 
explain from a temperature effect. The total (A + I + S) showed a similar trend for dry weight 
and number as the setting root data. Table 5.4 had shown at least at 42 days harvest, there 
was some association to the formation of storage roots with an increase in weight and number 
of setting roots. Pardales et al. (2000) and Sattelmacher et al. (1990) also claimed the 
competition of assimilates among adventitious roots and their growth in turns affected the 
initial thickening of storage roots.  
For bulking roots, there were no significant differences in root numbers but bare soil tended 
to be higher than black plastic mulch with white plastic mulch intermediate. This could be 
explained by the detrimental effects of high soil temperature under black plastic mulch 
resulting in reduction of the total number of roots. The improvement of white plastic mulch 
treatments could possibly be due to sunlight reflectance from the mulch surface. The fresh 
weight for black plastic mulch was lower than for white plastic mulch and bare soil which 
were not significantly different.  
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The lower fresh weight for black plastic was similar to result for the 28 day harvest but it was 
expected that bare soil would behave similarly as its temperature was close to that for black 
plastic.  
The value for white plastic would be expected to be higher than either black plastic or bare 
soil rather than intermediate. For dry weight of bulking roots, bare soil was higher than black 
plastic with white plastic intermediate.  There would appear to be a significant increase in the 
storage root production under bare soil and white plastic mulch compared to black plastic 
mulch. The detrimental effect of black plastic was again noted though it is not apparent why 
the dry weight under bare soil was significantly higher and that for white plastic was 
intermediate. There was no significant difference in weight for stem and leaf between mulch 
and bare soil with white plastic intermediate. Thus the temperatures effects that were noted in 
earlier harvests were not apparent here perhaps because they were of smaller effect.  
5.3.4 Effect of interaction between mulch and variety on root growth 
Table 5.7 shows the interactions among mulch and cultivar effect. The analysis showed that 
for adventitious roots, there was no significant difference for mulch × cultivar interaction for 
root weight and number although there was a tendency for BP × NS and WP × NS to be 
greater than others for root number. For the number of initiated roots, WP × NS was 
significantly higher than WP × BG and BS × BG, but was not different to the others. There 
was no difference in root weight. The difference in the effects of mulch × cultivar interaction 
is due to temperature differences under which Northern Star tends to have more initiated 
roots than Beauregard due to increase in foliage cover or more likely the high conversion rate 
which enables Northern Star to produce initiated and setting roots. 
For setting root fresh weight, BP × NS, WP × NS and BS × NS were not significantly 
different but all were significantly greater than the other treatments. BP × BG was not 
different to WP × BG but BP×BG was significantly different from BS × BG. The dry weight 
result indicated that BS × NS was not significantly different from BP × NS but was different 
to all the others. WP × NS was not significantly from BP × NS but both were significantly 
different to all mulches × BG. For root number, BP × NS was not different to WP × NS and 
BS × NS but all were significantly different to mulches × BG.  
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For the combined A + I + S fresh weight, BS × NS, WP × NS, WP × NS were not 
significantly different and all were greater than the rest. BP × BG and WP × BG were not 
different but BP × BG was greater than BS × BG. The dry weights showed that BS × NS was 
not different to WP × NS, all of which are different to the rest.  
The root number  indicated that BP × NS was not different to WP × NS and BS × NS but all 
are different to WP × BG, BS × BG and BP × BG except BS × NS was not different to BP × 
BG. 
At bulking, WP × BG and BS × BG were not different and both were greater than BP × BG, 
all of these had higher fresh weight than mulches × NS. Dry weight showed significant 
differences again with the mulches × BG interactions being greater than mulches × NS. 
Hence, more roots with higher weight being produced by Beauregard than Northern Star 
indicated Beauregard converts more of the setting roots to bulking roots (Table 5.5 and 5.7). 
     
Figure 5.3 Foliage growth (A) Beauregard and (B) Northern Star under white plastic at 14
th
 
day harvest. 
A B 
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Figure 5.4 Foliar growth (C) Beauregard and (D) Northern Star under black plastic mulch at  
28 day harvest. 
 
Figure 5.5 Foliar growth (E) Beauregard and (F) Northern Star under black plastic at 42 day 
harvest. 
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5.4 Conclusions 
The storage root is the main economic portion of the crop. However, depending on the 
environmental conditions, high soil temperature affects the formation and elongation of initial 
roots that are essentially grown to maturity. High soil temperatures also influence stem and 
leaf growth.  
Black plastic mulch produces higher soil temperatures under high ambient temperature 
compared to bare soil and this elevated temperature appeared to promote the growth and 
development of adventitious root, as well as stem and leaf at 14 day harvest. Sweetpotato is a 
warm loving crop but temperatures above the optimum will adversely affect the growth. This 
was observed from the experiment that Beauregard responded better at high soil temperature 
than Northern Star. 
Results were similar for the 28 day harvest although there were no differences for early root 
development despite temperatures for black and bare soil being higher than for white plastic 
mulch. Bulking of storage root occurs at 28 days after planting with Beauregard having 
greater potential to partition dry matter to storage root. The opposite was observed for 
Northern Star with huge growth.  
However, the major effect of mulch was for bulking roots with their development depressed 
by black plastic. White plastic mulch appeared to have a positive effect on bulking roots at 
this stage. In contrast, high temperatures under black plastic enhanced foliar growth. The 
suitability of each of these mulches will be affected by ambient temperatures present in the 
environment during crop growth. 
By the 42 day harvest, effects of mulch were less obvious although the temperature 
depressing effect of black plastic mulch was still evident on bulking roots. Bare soil did not 
appear to depress bulking root yield while the lower temperatures under white plastic did not 
lead to improvement. This may be result of the foliar development buffering the temperature 
environment of the root zone to some extent and thus reducing differences among treatments. 
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CHAPTER 6    
CONCLUSIONS 
Sweetpotato propagation material was the focus of the two field experiment trials. The study 
into the production and longevity of sprouts produced asexually from whole storage roots and 
the effect of pathogen tested (PT) and non-pathogen tested (NPT) from vine tip cuttings 
provided results which prompted further investigation, particularly the effect of PT  NPT 
planting material. Whilst the result showed that no significant differences were obtained for 
PT and NPT across the three harvests, the former would have been expected to show 
supremacy in yield difference. Sprout production from bedded storage roots provided an 
alternative propagule material where desirable sprouts were produced from the medium size 
root for profitable benefit of farmers. The study on soil temperature modified the cultural 
practices under which normal adventitious roots are formed. Manipulation of soil temperature 
through plasticulture enhanced growth and development of early root but storage root bulking 
was subsequently dependent on cultivar ability to partition dry matter for storage root growth.  
The larger the storage root, the more sprouts it will produce but the difference in sprout 
thickness showed that those longer than 20 cm produced thicker sprouts. There was no 
difference for any storage root categories especially in the first harvest but the progressive 
harvests showed that more thin sprouts were produced from all the sprout class types for 
Beauregard than Northern Star. A greater number of thicker sprouts were produced from 20 – 
35 cm types for Northern Star.  This explains the importance of using early sprout as source 
of planting material because of its vigour and high yield potential while sprouts less than 20 
cm are often discarded in commercial farms. The difference among cultivars should be 
considered as some are more productive due to different levels of biological and 
physiological conditions. In terms of which storage root size is the best for producing sprouts 
of the desirable length commercially, this would be the medium storage root. There is a great 
potential and benefit to farmers using medium roots considering the cost of handling, 
transportation and land requirement to produce sprout as a source of propagule than vine tip 
cutting. 
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The modification of soil temperature during conditions of low ambient temperature would be 
an advantage to sprout production in spring. Use of plasticulture technology such as black 
plastic mulch is useful primarily to increase soil temperature which enhances early root 
development and thus, is advantageous for sprout production during cooler conditions. In the 
tropics, the intensity of sunshine complicates the choice and type of plastic mulch to be used.  
However, black mulch may produce excessive heat which could be of risk to the plant by 
scorching the lower leaves. Mulch conserved water, and increased the rate of crop 
establishment with early root development resulting greater yields. With improved sprout 
production, time to harvest is reduced with high production possible within a shorter time 
period: therefore it has the potential to increase the length of the growing summer.  
The study on the effects of plastic mulch and bare soil on adventitious root showed black 
plastic mulch produced higher soil temperature than white and bare soil. The high soil 
temperature was a direct result of heat absorption compared to reflectance as of white plastic 
mulch. The high soil temperature influenced early root development and top growth. 
However, sweetpotato is not currently one of those crop that are commercially grown on 
mulch but it appears that the potential of sweetpotato cultivar to bulk storage root becomes 
vital when foliage cover is well established. The long thin vine character of Beauregard 
contrasted markedly with the dense foliage of Northern Star and may relate to bulking 
differences of storage roots. This implies an importance of sweetpotato variety in low soil 
temperatures with a potential to partition dry matter to the production of storage root. Hence, 
the extended effects of plastic mulch on yield of storage root at maturity need further 
investigation.  
In the tropics, extremely high temperatures during establishment may lead to risk of leaf 
scorching under plastic mulch. Use of reflective plastic mulch such as clear white or with 
white coated to control heat is necessary. It has been suggested that reflected light can play a 
role in the growth and development of other crops grown with mulch culture in relation to 
insect pests such as aphids, whitefly and thrips which are important vectors of plant 
pathogenic viruses. Hence, the property of mulches to attract or to repel insects may be 
important in protecting sweetpotato plants from virus diseases. 
The result of the investigation into the effect of root development for PT and NPT for all 
varieties showed no significant differences for all the parameters across all the harvest dates. 
This may have been was due to lo 
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w level of virus infection and the minimal effects it had on plants with faster growth rate. 
Virus multiplication may have been less effective and symptoms were less pronounced in all 
the varieties except Beauregard where virus symptoms on foliage were observed at 120 days 
after planting (DAP).  
At 60 DAP, L3, Beauregard, Northern Star and Lolo Tonga produced higher fresh weight 
than other varieties. Their high fresh weight produced a significant difference in bulking roots 
except Lola Tonga which produced low roots that were similar to L49 and Vekeoli. A similar 
trend was obtained for the dry weight of bulking roots where L3, LD02, and Northern Star 
were significantly heavier than other varieties. Beauregard produced significantly less top 
growth than other varieties but had the potential to produce yield higher than other varieties.  
Northern Star, Lola Tonga and L3 continued to produce higher top growth at 120 DAP. L49 
had improved foliage dry weight at this stage compared to Beauregard which was due to 
virus infection. However, Beauregard demonstrated the ability to produced yield similar to 
varieties with higher foliage growth. Northern Star continued to show supremacy for 
marketable yield in the final harvest while LD02 and Beauregard were the second best 
varieties in terms of their potential to produce marketable roots. For non-marketable roots, 
Northern Star, LD02 and Lola Tonga produced the highest number of roots which were due 
to very large roots, which were twisted and curved. The results obtained for the PT 
experiment were not as expected from previous findings, which prompts a need for future 
investigation for the seven varieties for PT and NPT trial experiment. Most likely this trial 
would have been improved if final harvest had occurred earlier and if more plants had been 
harvested to reduce variability. 
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APPENDICES 
Appendix 1 Maximum daily temperature for month of November 2011 to April 2012 
recorded at University of Queensland Gatton Farm. 
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Appendix 2 Daily highest and lowest temperature (°C) for month January to September 2012 
at Gatton Queensland University. 
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Appendix 3 Rainfall (mm) for month January to September 2012, recorded at Gatton 
Queensland University. 
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Appendix 4 Maximum daily temperature for month of December 2012 to February 2013 
recorded at Gatton University of Queensland. 
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Appendix 5 Rainfall (mm) for month December 2012 to February 2013, recorded at Gatton 
Queensland University. 
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